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agement of associated neurovascular injuries.%!

Some previous studies have examined the potential influence
of fracture line level on clinical and radiographic outcomes in
pediatric supracondylar humerus fracture (PHSF). Fayssoux
et al.l® proposed the concept of high-level fractures involving
the metaphyseal-diaphyseal junction. However, their analysis
included only 14 such cases, suggesting a need for further ex-
ploration. Kang et al.? emphasized the prognostic significance
of fracture morphology, reporting that in Gartland type llI
fractures, a fracture line distal to the humeral isthmus corre-
lated with poorer functional and radiological results.

The present study aims to assess whether the location of the
fracture line relative to the olecranon fossa impacts surgical
difficulty, complication rates, and radioclinical outcomes. By
evaluating this anatomical landmark, we hope to contribute
meaningful insights into the surgical planning and management
of pediatric supracondylar humerus fractures.

MATERIALS AND METHODS

This retrospective study was conducted following approval
from the local ethics committee (Institutional Review Board
of S.B.U. izmir Tepecik Research and Training Hospital, Date:
22/02/2021, Decision No: 2021/02-18) and in accordance
with the Declaration of Helsinki. Patient data were retrieved
using the Probel Hospital Automation System (Probel Soft-
ware and Information Systems Inc., lzmir, Tirkiye). All pa-
tients included in the study were operated on between Janu-
ary 2013 and December 2020 at a tertiary care center by
different orthopedic surgeons.

Figure 1. Fracture line in relation to the apex of the olecranon
fossa.
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Figure 2. High-level supracondylar humerus fracture.

Inclusion Criteria:
1. Age between 1 and 13 years
2. Surgically treated supracondylar humerus fracture

3. Availability of adequate preoperative and postoperative el-
bow radiographs

4. Minimum follow-up until radiological bone union.
Exclusion Criteria:
1. Lateral condyle fractures coded as distal humerus fractures

2. Medial epicondyle fractures coded as distal humerus frac-
tures

3. Miscoded fractures not involving the distal humerus.

Out of 874 screened patients, 52 were excluded (42 with
lateral condyle fractures, seven with medial epicondyle frac-
tures, and three with unrelated fracture codes). A total of
822 patients with PHSF (94% of the initial cohort) were in-
cluded.

The olecranon fossa is a depression located on the poste-
rior cortex of the distal humerus, directly proximal to the
trochlea, and is the largest of the three fossae found on the
humerus.®

Patients were categorized according to the location of the
fracture line relative to the apex of the olecranon fossa (Fig.
1). Fractures proximal to the fossa were classified as high-
level (n=163) (Fig. 2), while those at or distal to the fossa
were classified as low-level (n=659) (Fig. 3).

The transepicondylar line was created by connecting the
most extreme points of the medial and lateral epicondyles
(Fig. 4). The high-level group was further subdivided based on
the angle between the fracture line and the transepicondylar
line into:
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Figure 3. Low-level supracondylar humerus fracture.

Lateral Epicondyle

Figure 4. Transepicondylar line.

« Oblique fractures: angle >30° (n=40) (Fig. 5)

 Transverse fractures: angle <30° or parallel orientation
(n=123) (Fig. 6).

Radiological assessments and data collection were conducted
using PACS (Picture Archiving and Communication System)
and the Probel database. Radiographic measurements were
performed by the senior author, a pediatric orthopedic sur-
geon with over 15 years of experience.

Collected parameters included demographic data, fracture
side, duration of surgery, method of reduction (open or
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Figure 5. High-level oblique-type supracondylar humerus fracture.

\
Figure 6. High-level transverse-type supracondylar humerus frac-
ture.
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Figure 7. K-wire cortical scars.

closed), fracture type (open or closed), presence of vascular
and nerve injury, systemic trauma, complications, and the re-
quirement for revision surgery.

Radiographic analysis included fracture type (modified Gart-
land classification),” location relative to the olecranon fossa,
sagittal displacement, number and diameter of K-wires, wire
configuration, number of cortical scars (indicative of repeated
pinning attempts) (Fig. 7), postoperative translation and rota-
tion, anterior humeral line alignment on immediate and final
radiographs, and follow-up duration.

Statistical Analysis

All statistical analyses were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). Normality of continu-
ous variables was assessed using the Shapiro-Wilk test. Nor-
mally distributed variables were compared using the indepen-
dent samples t-test or analysis of variance (ANOVA), while
non-normally distributed variables were compared using the
Mann-Whitney U test or Kruskal-Wallis test. Chi-square or
Fisher’s exact tests were applied for categorical variables, de-
pending on expected frequencies. A p-value less than 0.05
was considered statistically significant.

Egeli et al. Fracture position relative to the olecranon fossa

RESULTS

The mean age of all patients was 6.5+3 years (range, 1-13).
In the low-level fracture group (n=659), the mean age was
6.5+3 years, while in the high-level group (n=163), it was
6.7£2.9 years (p=0.618). Males comprised 62% (411/659) of
the low-level group and 64% (105/163) of the high-level group
(p=0.348). Right-side fractures accounted for 38% (248/659)
in the low-level group and 34% (55/163) in the high-level
group (p=0.570) (Table 1). Of the 822 fractures, 802 (98%)
were closed. Fourteen of the 20 open fractures (70%) were
low-level (p=0.118). Vascular compromise was present in 49
patients (6%), with 16 showing filiform pulses, 29 having no
pulse but good capillary refill, and four requiring vascular re-
pair (p=0.102). Nerve injuries were observed in 79 patients
(10%), including anterior interosseous nerve (AIN) injury in
39, ulnar nerve injury in 18, posterior interosseous nerve
(PIN) injury in 11, combined ulnar and AIN injuries in six,
combined ulnar and PIN injuries in four, and both AIN and
PIN injuries in one (p=0.141). Additional trauma was seen in
34 patients (4%), including fractures in other regions or head
trauma (p=0.221) (Table 2). Modified Gartland fracture types
included 7 type 1b, 177 type 2, 441 type 3, 143 type 4, and 54
flexion-type fractures. Unstable fractures were significantly
more common in the high-level group (p<0.001). Among ex-
tension-type fractures (n=768), posteromedial displacement
occurred in 402 patients (49%) and posterolateral displace-
ment in 366 patients (44%) (p=0.164) (Table 2). Mean sur-
gery duration was 52.6+30.6 minutes for low-level fractures
and 58.9+30.1 minutes for high-level fractures (p=0.006). The
average number of K-wires used was similar between groups
(2.7+0.6 for low-level and 2.69+0.6 for high-level, p=0.478),
as was the average wire diameter (1.84£0.11 mm vs. 1.8+0.13
mm; p=0.997). High-level fractures had a significantly higher
mean number of K-wire cortical scars (p=0.042). K-wire con-
figuration showed no significant difference: cross-wire was
used in 77%, divergent in 21%, and parallel in 2% of cases
(p=0.58). Open reduction was required in 4% of patients,
with no significant difference between groups (p=0.114)
(Table 3). Postoperative translation occurred in 157 patients
(120 low-level, 37 high-level; p=0.942). Rotational deformity
was observed in 246 patients (193 low-level, 53 high-level;

Table 1. Demographic data of the patients
Below Olecranon Fossa Above Olecranon Fossa p-value
Age mean=SD (min-max) 6.5+3 6.7+2.9 0.618
(1-13) (1-12)
Gender (male/female) 411/248 105/58 0.348
Side (right/left) 248/411 55/108 0.570
n 659 163

SD: Standard deviation.
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Table 2. Comparison of preoperative data

Below Olecranon Fossa Above Olecranon Fossa p-value
Open fracture 14 6 0.188
Vascular injury 33 16 0.102
Nerve injury 55 24 0.141
Additional trauma (fracture/head 17/4/3 9/1/0 0.221
trauma/fracture+head trauma)
Fracture type (1b/2/3/4/flexion) 7/164/354/91/43 0/13/87/52/11 <0.001
Sagittal plane displacement 316/299 86/67 0.164
direction (posteromedial/posterolateral)
N 659 163
Table 3. Comparison of intraoperative data
Below Olecranon Fossa Above Olecranon Fossa p-value
Open Surgery 23 8 0.114
Wire configuration (crossed/divergent/parallel) 505/138/16 129/32/2 0.58
Operation time (minutes) mean+SD (min-max) 52.6+30.6 58.9+30.1 0.006
(10-458) (15-210)
Number of Kirschner wires mean£SD (min-max) 2.7+0.6 2.69+0.6 0.478
(1-5) (2-5)
Number of wire scars 1+1.4 1.2+1.6 0.042
(0-6) (0-6)
Wire thickness (mm) mean£SD (min-max) 1.8+0.11 1.8+0.13 0.997
(1.5-2) (1-2)
N 659 163
SD: Standard deviation.
Table 4. Comparison of postoperative data
Below Olecranon Fossa Above Olecranon Fossa p-value
Complication 16 0.621
Revision surgery 22 0.492
Follow-up (months)
mean+SD (min-max) 5+9.3 5.7+9.4 0.276
(1-72) (1-65)
Translation 120 37 0.942
Rotation 193 53 0.229
Anterior humeral line (anterior/anterior 40/157/326/102/34 17/29/77/32/8 0.121
1/3/mid 1/3/posterior 1/3/posterior)
N 659 163
SD: Standard deviation; ant: Anterior; post: Posterior.
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Table 5. Comparison of peroperative data of high-level fractures

Fracture position relative to the olecranon fossa

Transverse Fracture Obligue Fracture p-value
Fracture type (1b/2/3/4/flexion) 13/60/43/7/0 0/27/9/4/0 0.037
Open surgery 4 4 0.064
Wire configuration
(crossed/divergent/parallel) 102/19/2 27/13/0 0.049
Operation time (minutes)
meanSD (min-max) 57.9+28 61.8+35.9 0.746
(20-180) (15-210)
Number of Kirschner wires
mean+SD (min-max) 2.7£0.6 2.7+0.6 0.899
(2-5) (2-4)
Number of wire scars 1.2+15 1.3+1.8 0.946
(0-6) (0-6)
Wire thickness (mm) mean£SD (min-max) 1.8+0.1 1.8+0.1 0.688
(1-2) (15-2)
Complication 6 1 0.878
Revision surgery 1 5 0.004
Translation 30 7 0.419
Rotation 38 15 0.278
Anterior humeral line
(anterior/mid/posterior) 33/60/30 13/17/10 0.706
n 123 40

SD: Standard deviation.

p=0.229). Analysis of the anterior humeral line relative to the
capitellum on early postoperative radiographs showed no sig-
nificant differences between groups (p=0.121). Complications
occurred in 23 patients (3%), including K-wire migration, pin
tract infections, loss of reduction, refracture, and iatrogenic
nerve injury, with no significant difference between groups
(p=0.621). Revision surgery was needed in 28 patients (3%),
similarly distributed between groups (p=0.492). Mean follow-
up duration was comparable (5+9.3 months for low-level and
5.74£9.4 months for high-level; p=0.276) (Table 4). Within the
high-level fracture group, oblique fractures (n=40) had a high-
er incidence of unstable (modified Gartland) types than trans-
verse fractures (n=123) (p=0.037). Surgery duration, number
of K-wires, and wire diameter did not differ significantly be-
tween these subgroups. However, oblique fractures more fre-
quently required divergent pin configurations (p=0.049) and
had a significantly higher revision rate (p=0.004). There were
no significant differences in postoperative translation, rota-
tion, need for open reduction, or complication rates between
oblique and transverse fractures (Table 5).

DISCUSSION

Most pediatric fractures can be treated conservatively; how-

68

ever, displaced pediatric humeral supracondylar fractures
typically require surgical fixation. Among pediatric fractures,
supracondylar humerus fractures are the most frequently op-
erated on, due to the distal humerus contributing approxi-
mately 20% to longitudinal growth.l***11 Moreover, since the
elbow’s flexion-extension axis lies in the sagittal plane, coro-
nal plane deformities cannot be reliably corrected through
remodeling.['213

The preferred fixation technique involves the placement of
divergent or crossed K-wires after achieving adequate reduc-
tion, whether open or closed.! Many studies have focused
on the relationship between wire configuration and fixation
stability in PHSE ! High-level fractures, located proximal to
the olecranon fossa, pose challenges due to limited proxi-
mal bone stock for fixation.®! Our study found that opera-
tion times were significantly longer in high-level fractures
compared to low-level fractures (p=0.006), supporting this
difficulty. Additionally, these high-level fractures were more
frequently unstable based on the modified Gartland classifica-
tion (p<0.001). The greater number of K-wire-induced corti-
cal scars in high-level fractures (p=0.042) further reflects the
technical challenges during fixation.
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Previous literature reports the incidence of high-level PHSF
(also termed distal humerus metaphyseal-diaphyseal frac-
tures) as approximately 3.3% of all PHSFE"*®! |n contrast, our
study observed a higher rate of 19.8%, likely due to inclusion
criteria limited to surgically treated unstable fractures.

The narrow cross-sectional area in the metaphyseal-diaph-
yseal region complicates fracture reduction and fixation,
increasing the risk of loss of reduction postoperatively.:%24
Additionally, the periosteum is thinner in this region, making
closed reduction more difficult and often necessitating open
reduction.’! These factors collectively contribute to pro-
longed surgery duration for high-level fractures, as confirmed
in our study and by Fayssoux et al.[®!

Although open reduction was slightly more frequent in high-
level fractures (4.9% vs. 3.5%), this difference was not statis-
tically significant (p=0.114), possibly reflecting the surgeons’
expertise. Achieving stable fixation in high-level fractures is
challenging because K-wires often remain within the medul-
lary canal rather than engaging the far cortex, reducing sta-
bility.522 Additionally, the required spacing of wires at the
fracture site, typically one-third of the fracture length or at
least 13 mm, is difficult to maintain in high-level fractures.®
Despite these technical challenges, the revision surgery rate
and postoperative translation did not differ significantly be-
tween groups (p=0.492 and p=0.942, respectively), suggesting
that with careful technique, outcomes can be comparable.

High-level fractures can be further categorized as trans-
verse or oblique. In our cohort, 75% were transverse and
25% oblique, differing from Fayssoux et al’s.[® study, in which
oblique fractures predominated (57%). Age distribution was
similar to the known peak incidence of PHSF (5-8 years),?%
although our study showed oblique fractures presenting at a
slightly higher mean age than transverse fractures (7.1 vs. 6.5
years). Operation times did not differ significantly between
fracture types (p=0.746), but the need for divergent K-wire
configuration was higher in oblique fractures (p=0.049). Fur-
thermore, oblique fractures had a significantly higher revision
rate (p=0.004), highlighting their increased technical com-
plexity.

Hai Zou et al.'®! suggested that intramedullary K-wire inser-
tion after coronal plane reduction facilitates rotational and
sagittal alignment in metaphyseal-diaphyseal fractures; how-
ever, we did not utilize this technique. Postoperative rota-
tional deformities were more common in high-level fractures,
but without statistical significance (p=0.229).

Neurovascular injury rates did not differ significantly between
fracture levels, although anterior interosseous nerve and
ulnar nerve injuries tended to be slightly more frequent in
high-level fractures (4.4% and 6.1%, respectively). The lack of
significant difference in associated injuries suggests that high-
level fractures do not necessarily result from higher-energy
trauma.

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

Intraoperative multiple K-wire insertion attempts may in-
crease cortical damage, seen radiographically as wire-induced
scars. Our finding of significantly more K-wire scars in high-
level fractures (p=0.042) underscores the technical difficulties
encountered during fixation.

Limitations of this study include its retrospective design and
the fact that surgeries were performed by multiple surgeons,
which could introduce variability. However, the large sample
size strengthens the validity of our findings.

CONCLUSION

This study demonstrates that pediatric supracondylar humer-
us fractures with a fracture line proximal to the olecranon
fossa present greater surgical challenges, including increased
instability, longer operative times, and a higher number of
intraoperative pinning attempts. Among these, oblique high-
level fractures are especially prone to technical challenges and
exhibit significantly higher revision rates compared to trans-
verse fractures.

Clinically, recognizing the fracture line’s position relative to
the olecranon fossa can aid surgeons in preoperative planning
and patient counseling by anticipating potential difficulties and
the need for more meticulous fixation strategies. This ana-
tomical landmark should be integrated into the assessment
protocol for pediatric supracondylar fractures to optimize
surgical outcomes.

Our findings extend the existing literature by quantitatively
establishing the olecranon fossa as a practical and relevant
threshold for predicting surgical complexity and prognosis in
these fractures. This contributes valuable insights that may in-
fluence decision-making and improve management strategies
for pediatric supracondylar humerus fractures.

Ethics Committee Approval: This study was approved by
the S.B.U. izmir Tepecik Research and Training Hospital Eth-
ics Committee (Date: 22.02.2021, Decision No: 2021/02-18).
Peer-review: Externally peer-reviewed.

Financial Disclosure: The author declared that this study
has received no financial support.

Authorship Contributions: Concept: E.E., A.T.; Design:
E.E., A.T,; Supervision: E.E., A.T;; Resource: E.E., A.T.; Materi-
als: EE., A.T,; Data collection and/or processing: E.E., A.T;
Analysis and/or interpretation: E.E., A.T.; Literature review:
E.E., AT, Writing: E.E., A.T,; Critical review: EE., A.T.
Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study
has received no financial support.

REFERENCES

1. Otsuka NY, Kasser JR. Supracondylar fractures of the humerus in chil-
dren.] Am Acad Orthop Surg 1997;5:19-26. [CrossRef]

2. Kocher MS, Kasser JR, Waters PM, Bae D, Snyder BD, Hresko MT, et
al. Lateral entry compared with medial and lateral entry pin fixation for

69



10.

11.

12.

13.

Egeli et al. Fracture position relative to the olecranon fossa

completely displaced supracondylar humeral fractures in children. A ran- 14. Turgut A, Kalenderer 0, Bozoglan M, Bacaksiz T, Agus H. Flexion type

domized clinical trial. ] Bone Joint Surg Am 2007;89:706—12. [CrossRef] supracondylar humerus fractures: 12 year experience of a pediatric ortho-
Cheng JC, Lam TP, Maffulli N. Epidemiological features of supracon- pedics clinic. Eklem Hastalik Cerrahisi 2015;26:151-7. [CrossRef |

dylar fractures of the humerus in Chinese children. J Pediatr Orthop B 15. Reisoglu A, Kazimoglu C, Hanay E, Agus H. Is pin configuration the
2001;10:63—7. [CrossRef] only factor causing loss of reduction in the management of pediatric type
France ], Strong M. Deformity and function in supracondylar fractures of 1II supracondylar fractures? Acta Orthop Traumatol Turc 2017;51:34—
the humerus in children variously treated by closed reduction and splint- 8. [CrossRef]

ing, traction, and percutaneous pinning. ] Pediatr Orthop 1992;12:494— 16. Liu C, Kamara A, Liu T, Yan Y, Wang E. Mechanical stability study of
8. [CrossRef] three techniques used in the fixation of transverse and oblique metaph-
Houshian S, Mehdi B, Larsen MS. The epidemiology of elbow fracture yseal-diaphyseal junction fractures of the distal humerus in children: a
in children: analysis of 355 fractures, with special reference to supracon- finice element analysis. J Orchop Surg Res 2020;15:34. [CrossRef

dylar humerus fractures. ] Orthop Sci 2001;6:312-5. [CrossRef] 17. Mubarek SJ, Davids JR. Closed reduction and percutaneous pinning of
Fayssoux RS, Stankovits L, Domzalski ME, Guille JT. Fractures of the supracondylar fractures of the distal humerus in the child. In Bernard F

Morrey, editor. Master techniques in orthopaedic surgery-the elbow. 3rd
edition. New York: Raven Press; 1994.

18. Yen YM, Kocher MS. Lateral entry compared with medial and lateral en-
try pin fixation for completely displaced supracondylar humeral fractures
in children. Surgical technique. ] Bone Joint Surg Am 2008;90:20-30.
Erratum in: ] Bone Joint Surg Am 2008;90:1337. [CrossRef |

19. Zhou H, Zhang G, Li M, Liu X, Qu X, Cao Y, et al. Closed reduction

and percutaneous pinning in the treatment of humeral distal metaphyse-

distal humeral metaphyseal-diaphyseal junction in children. ] Pediatr Or-
thop 2008;28:142—6. [CrossRef]

Kang S, Kam M, Miraj E Park SS. The prognostic value of the fracture
level in the treatment of Gartland type III supracondylar humeral frac-
ture in children. Bone Joint ] 2015;97-B:134—40. [CrossRef ]

Haque SMA, Mehataz T, Afros E Islam S, Latif MS, Debnath D. A mor-
phometric study of olecranon fossa of adult human humerus of bangla-
deshi population. Mymensingh Med ] 2024;33:356-9. al-diaphyseal junction fractures in children: a technique note and prelimi-
GARTLAND JJ. Management of supracondylar fractures of the humer- nary results. Front Pediatr 2021;9:670164. [CrossRef]

us in children. Surg Gynecol Obstet 1959;109:145-54. 20. Sen RK, Tripathy SK, Kumar A, Agarwal A, Aggarwal S, Dhatt S.
Wilkins KE. Fractures and dislocations of the elbow region. In: Rock- Metaphyseo-diaphyseal junction fracture of distal humerus in children.

wood CA Jr, Wilkins KE, King RE, editors. Fractures in children. Phila- J Pediatr Orthop B 2012;21:109—14. [CrossRef]

delphia: Lippincott; 1991. p. 526-617. 21. Beck JD, Riehl JT, Moore BE, Deegan JH, Sartorius J, Graham J, et al.
Wilkins KE, Physyeal injuries and growth disturbances. In Flynn JM, Risk factors for failed closed reduction of pediatric supracondylar hu-
Skaggs DI, Waters PM, editors.Fractures in children.Philadelphia: Wolt- merus fractures. Orthopedics 2012;35:e1492—6. [CrossRef]

ers Kluwer Health; 2015 p.137. 22. Ge YH, Wang ZG, Cai HQ, Yang J, Xu YL, Li YC. Flexible intramedul-
Omid R, Choi PD, Skaggs DL. Supracondylar humeral fractures in chil- lary nailing had better outcomes than kirschner wire fixation in children
dren.] Bone Joint Surg Am 2008;90:1121-32. [CrossRef] with distal humeral metaphyseal-diaphyseal junction fracture: A retro-
Guven MEF, Kaynak G, Inan M, Caliskan G, Unlu HB, Kesmezacar H. spective observational analysis. Int ] Clin Exp Med 2014;7:3568-72.
Results of displaced supracondylar humerus fractures treated with open 23. Canale ST. Fractures and dislocation. In: Canale ST, Beatty JH, editors.
reduction and internal fixation after a mean 22.4 years of follow-up. J Operative Pediatric Orthopaedics. 2nd ed. St Louis, MO: Mosby-Year
Shoulder Elbow Surg 2015;24:640—6. [CrossRef] Book; 1995.913Y1112.

ORIJINAL CALISMA - 0z

70

Pediatrik suprakondiler humerus kiriklarinda kirik hattinin olekranon fossaya gore
pozisyonu cerrahi zorlugu ve sonuclari etkiler mi?

AMAGC: Bu galismanin amaci, pediatrik suprakondiler humerus kiriklarinda (PSHK) kirik hattinin olekranon fossaya gore seviyesinin, cerrahi zorluk,
komplikasyon oranlari ve radyolojik sonuglar tizerindeki etkisinin arastirimasidir.

GEREC VE YONTEM: PSHK tanisiyla cerrahi tedavi uygulanmis 822 olgu retrospektif olarak incelendi. Kirik hattinin olekranon fossa apeksine
konumuna gore hastalar iki gruba ayrild: Yiiksek seviye (fossanin proksimalinde, n=163) ve disiik seviye (fossada veya distalinde, n=659). Yiiksek
seviye kiriklar, kirik hatti ile trans-epikondiler ¢izgi arasindaki aglya gore oblik (n=40) ve transvers (n=123) olarak siniflandirildi. Demografik veriler,
kirik ozellikleri, cerrahi parametreler, komplikasyonlar, radyografik bulgular ve revizyon oranlari degerlendirildi.

BULGULAR: Gruplar arasinda demografik dzellikler, kirik tarafi, agik-kapali kirik durumu, nérovaskdiler yaralanma veya eslik eden travma agisindan
anlamli fark saptanmadi (p>0.1). Yilksek seviye kiriklar, dusik seviye kiriklara kiyasla anlamli derecede daha instabildi, daha uzun cerrahi siireye
sahipti ve daha fazla K-teli kortikal izi sergiledi (p<0.05). K-teli konfigiirasyonu, sayisi ve capi agisindan anlamli fark bulunmadi. Alt grup analizinde,
oblik yuksek seviye kiriklarin diverjan pin konfiglirasyonuna daha sik ihtiya¢ duydugu ve transvers yiiksek seviye kiriklara gore anlamli derecede daha
yliksek revizyon oranina sahip oldugu gorildi (sirasiyla, p=0.049 ve p=0.004).

SONUG: Olekranon fossanin proksimalinde yer alan kiriklar, daha instabil olup teknik olarak daha zorludur; bu durum daha uzun ameliyat suresi
ve daha fazla intraoperatif pinleme girisimine yol agmaktadir. Yiiksek seviye kiriklar arasinda oblik tipler, teknik gugliikler ve artmis revizyon orani
agisindan ozellikle risklidir. Bu bulgular, cerrahi planlamada fraktiir morfolojisinin &nemini vurgulamaktadir.

Anahtar sozctikler: Dirsek kirgi; humerus kiri§i; pediatrik suprakondiler humerus kirigi.
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ORIGINAL ARTICLE

The medial-first approach in unstable pediatric
supracondylar humerus fractures: association with reduced
need for additional exposure and improved cosmetic
outcomes

Kutalmis Albayrak, Muhammed Bilal Kurk, © Sefa Seluk, © Baris Ozkul,

Evren Akpinar’

Gorkem Kayis,

Department of Orthopaedics and Traumatology, University of Health Sciences, Baltalimani Bone Diseases Training and Research Hospital,
Istanbul-Ttirkiye

ABSTRACT

BACKGROUND: This study aimed to compare the clinical, cosmetic, and surgical outcomes of medial-first and lateral-first open
reduction approaches in the treatment of unstable pediatric supracondylar humerus fractures when closed reduction fails.

METHODS: In this retrospective comparative study, 68 pediatric patients (aged 2—10 years) with Gartland Type Il and IV supracon-
dylar humerus fractures requiring open reduction were evaluated. Patients were divided into two groups based on the initial surgical
approach: medial-first (n=31) and lateral-first (n=37). Demographic characteristics, surgical time, pin configuration, range of motion,
Flynn’s functional and cosmetic outcomes, and postoperative complications were compared between groups.

RESULTS: The medial-first group demonstrated significantly shorter surgical times (55.5+16.0 vs. 72.0+20.2 minutes, p<0.001) and
superior cosmetic outcomes (excellent cosmetic Flynn’s scores in 83.9% vs. 62.2%, p=0.0408). The need for an additional incision was
markedly higher in the lateral-first group (0 vs. 18 patients, p<0.00001). Functional outcomes and complication rates were comparable
between groups.

CONCLUSION: The medial-first approach in unstable pediatric supracondylar humerus fractures offers advantages in surgical effi-
ciency and cosmetic outcomes while minimizing the need for secondary incisions. It represents a safe and effective option for achieving
stable fixation when closed reduction is unsuccessful.

Keywords: Pediatric supracondylar humerus fracture; open reduction; Flynn’s criteria; medial approach; lateral approach; cosmetic
outcome.

INTRODUCTION

Pediatric supracondylar humerus fractures (SCHFs) are among
the most common elbow injuries in children and typically re-
sult from a fall onto an outstretched hand.™ While nonop-
erative management is appropriate for nondisplaced fractures
(Gartland Type 1), displaced fractures (Types II-IV) gener-

ally require surgical intervention, with closed reduction and
percutaneous pinning (CRPP) being the preferred treatment
method.”? However, due to the severity of trauma, significant
displacement may occur, which can also lead to soft-tissue
interposition, rendering closed reduction unsuccessful in ap-
proximately 2-15% of cases according to the literature.®l In
such scenarios, open reduction is often required to restore
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anatomical alignment and achieve stable fixation.[*5]

The surgical approach for open reduction remains a topic of
ongoing debate. Although lateral pinning alone is biomechani-
cally sufficient in many cases, bicolumnar (crossed medial-
lateral) pinning provides greater rotational and varus/valgus
stability, particularly in unstable fractures (Gartland Types IlI
and IV).[! However, medial pinning carries a risk of iatrogenic
ulnar nerve injury, especially when anatomical landmarks are
obscured by soft-tissue swelling.” To mitigate this risk, some
authors recommend a small medial incision for direct visual-
ization and protection of the nerve during pin placement.®?!

Given these considerations, the choice of surgical approach
in cases requiring open reduction remains controversial. Fur-
thermore, when open reduction is necessary, there is no clear
consensus on the optimal surgical approach. Surgeons fre-
quently prefer the lateral approach due to its familiarity and
ease of access; however, this technique may limit visualization
of the medial column, potentially resulting in malreduction*!
(e.g., cubitus varus) or suboptimal cosmetic outcomes. Eren
et al.? reported higher patient satisfaction in the medial-open
group compared to the lateral-open group in their studies. A
recent study also suggests that medial or anterior approaches
may provide better functional and cosmetic results with lower
complication rates.™**!

Despite literature supporting surgeon-dependent approach
selection,*+181 we propose that a medial-first open approach
for treating unstable SCHFs (Types IlIl/IV) offers distinct ad-
vantages:

1. Minimizes the need for combined approaches: Lateral-first
techniques often fail to adequately reduce the medial column,
necessitating secondary medial exposure.

2. Enhanced safety and efficiency: Direct ulnar nerve visual-
ization minimizes iatrogenic injury, while improved alignment
reduces operative time.

3. Improved outcomes: Anatomic reduction and stable bico-
lumnar fixation may lower complication rates (e.g., malunion)
and enhance cosmetic outcomes.

Although there are numerous studies in the literature on pe-
diatric supracondylar humerus fractures, very few include suf-
ficient follow-up periods to compare medial and lateral open
approaches and comprehensively address their outcomes.

Therefore, in this study, we hypothesize that a medial-first
strategy optimizes biomechanical stability and clinical out-
comes in unstable supracondylar humerus fractures by re-
ducing the need for combined approaches, enhancing safety
through direct neurovascular visualization, and improving frac-
ture alignment efficiency.

MATERIALS AND METHODS

Ethical approval was obtained from the Institutional Review
Board (Approval No: [28/192]), and written informed con-
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sent was obtained from the legal guardians of all pediatric
participants, in accordance with the principles of the Declara-
tion of Helsinki. This research is a single-center, retrospective
comparative study involving multiple surgeons. A retrospec-
tive evaluation was performed on 631 pediatric patients who
were diagnosed with supracondylar humerus fractures at our
hospital between 2014 and 2023. The inclusion criteria were
as follows:

1. pediatric patients between the ages of 2-10 years,

2. patients who underwent open reduction after attempted
closed reduction due to inadequate fracture alignment,

3. patients in whom a medial incision was used as the first
incision, and

4. patients in whom a lateral incision was used as the first
incision.

The indication for open reduction was the failure of closed
reduction attempts, depending on the surgeon’s decision and
experience. Patients with concomitant fractures, open frac-
tures, vascular injuries in the same extremity, or diagnosed
compartment syndrome at presentation were excluded from
the study, as were those with a history of previous fractures
around the elbow joint. The minimum follow-up period in
this study was two years, and patients who did not complete
follow-up before this time were excluded from the study. The
study flowchart is presented in Figure 1.

Patients were divided into two groups: those who underwent
a medial incision (medial-first group) as the initial open ap-
proach and those who underwent a lateral incision (lateral-
first group). Cases in which a secondary incision was used
during surgery, such as a mini-open medial approach to pro-
tect the ulnar nerve during pin placement, were also noted.

Data Collection

The demographic, intraoperative, and follow-up data of all
patients were analyzed. The collected variables included age,
gender, affected side, Body Mass Index, and Gartland clas-
sification. Both intraoperative complications and early or late
postoperative complications-including infection, range-of-
motion limitations, nonunion, deformity, loss of reduction,
and heterotopic ossification with clinical manifestations-were
documented. Additionally, the pin configuration used for fixa-
tion was recorded.

Joint range of motion was assessed using a goniometer at
one year postoperatively and at the final follow-up visit. Bau-
mann’s angle was measured from radiographs obtained within
the first postoperative year. Pin tract infections and nerve in-
juries were evaluated based on outpatient follow-up records.

A standardized postoperative follow-up protocol was imple-
mented for all patients. A long arm splint was applied im-
mediately after surgery and removed within three weeks to
allow elbow mobilization. Patients were instructed to per-
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Patients aged 2-10 years
diagnosed with supracondylar
humerus fracture (n=631)

Excluded (n=431)
Patients treated conservatively (n=407)
Patients with concomitant fracture (n=16)
Patients with vascular injury (n=2)
Previous history of surgery or trauma from
the ipsilateral lower extremity (n=6)

\

{ Lost to follow-up (n=6) J

A4

Analyzed (n=68)
Patients who underwent medial
or lateral open reduction when
closed reduction failed

Patients who underwent surgery
(n=194)

/'
\

Excluded (n=126)
Patients undergoing closed reduction
and percutaneous pinning (n=118)
Anterior or posterior approach (n=8)

{ Medial Approach (n=31) J

{ Lateral approach (n=37) }

Figure 1. Study flowchart.

form daily pin care throughout the follow-up period. The pins
were removed approximately four weeks postoperatively,
after callus formation was confirmed on standard anteropos-
terior and lateral radiographs. Routine radiographic and clini-
cal follow-up assessments were conducted at the fourth and
sixth weeks, as well as at the third, sixth, and twelfth months
postoperatively.

The final assessment was conducted based on Flynn’s criteria,
which evaluate both cosmetic and functional outcomes. Cos-
metic outcomes were determined by the degree of loss in
the carrying angle, while functional outcomes were assessed
based on the degree of motion loss. According to Flynn’s clas-
sification, a loss of 0-5° is considered excellent, 6-10° good,
11-15° fair, and =16° poor. The evaluations based on Flynn’s
criteria were performed at the 12-month postoperative fol-
low-up. After the first year, patients were monitored for late
complications and routine fracture follow-up, including poor
union progression, remodeling, heterotopic ossification, or
cubitus varus.

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

Surgical Technique

All operations were performed by experienced surgeons
using lateral, medial, or combined approaches. Fluoroscop-
ic-guided closed reduction and percutaneous pinning were
initially attempted in all patients. In cases where adequate
reduction could not be achieved through closed reduction,
an open surgical approach was performed. All open proce-
dures were conducted under general anesthesia with the pa-
tient positioned supine on a radiolucent table, and a sterile
tourniquet was applied prior to surgery. Standard prophylaxis
with a first-generation cephalosporin was administered to all
patients 30 minutes preoperatively, with dosages adjusted ac-
cording to age and weight.

In the medial-first group, the medial approach was initiated
with a skin incision extending from 5 cm proximal to the me-
dial epicondyle to the distal joint line. The ulnar nerve was
identified and carefully protected. The incision traversed the
intermuscular septum to expose the distal humerus. (Fig. 2).
In the lateral-first group, a lateral approach was used, with a
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Figure 2. Preoperative, postoperative, and follow-up anteroposterior and lateral radiographs of a patient who underwent surgery using the
medial-first approach.

skin incision extending from approximately 2 cm proximal to
1 cm distal to the lateral epicondyle. To visualize the lateral
border of the humerus, the interval between the extensor
carpi radialis longus, triceps brachii, and brachialis muscles
was utilized (Fig. 3).

In the medial-first approach group, lateral pinning was per-
formed percutaneously. In the lateral- first approach group,
medial pinning was performed either percutaneously or via an
additional medial incision, during which the ulnar nerve was
meticulously identified and protected.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
22 (IBM SPSS Corp., Armonk, NY, USA). The Shapiro—Wilk
test was employed to assess the normality of continuous vari-
ables, which were determined to follow a normal distribution.
Descriptive statistics were presented as mean * standard de-
viation for continuous variables, while categorical variables
were reported as frequencies and percentages.

For comparisons involving quantitative data and normally dis-
tributed variables, a one-way analysis of variance (ANOVA)
was performed. Categorical data were analyzed using the chi-
square test. A P-value of <0.05 was considered statistically
significant.
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RESULTS

Patient Demographics

A total of 68 patients were included in the study, with 31
patients in the medial-first group and 37 in the lateral-first
group. Baseline demographic and clinical characteristics of
the study groups are presented in Table 1. No significant dif-
ferences were found in baseline demographics between the
two groups. There was also no statistically significant differ-
ence between the groups in terms of displacement direction
(p=1.000). The mean follow-up duration was comparable
(70.2+21.0 vs. 66.4+25.2 months, p=0.631).

The mean surgical time was significantly shorter in the medi-
al-first group compared to the lateral-first group (55.5+£16.0
minutes vs. 72.0£20.2 minutes, p<0.001). Baseline demo-
graphic and clinical characteristics of the study groups are
presented in Table 1.

Clinical and Functional Outcomes

Mean flexion loss was 2.7°£1.6 in the medial-first group and
3.0°+2.0 in the lateral-first group (p=0.144), while mean
extension loss was 4.5°#2.3 and 5.8°£3.1, respectively
(p=0.216).

According to Flynn’s functional criteria, excellent or good

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1



Albayrak et al. Medial-First approach in pediatric SCH fractures

e

T

ahe e e e T -

Figure 3. Preoperative, postoperative, and follow-up anteroposterior and lateral radiographs of a patient who underwent surgery using the

lateral-first approach.

Table 1. Patient demographics and baseline characteristics
Variable Medial-First Group Lateral-First Group p-value
(n=31) (n=37)
Age (years, mean£SD) 5.3+2.6 5.6+3.4 0.0974
Sex (Male/Female) 18/13 22/15 1
BMI (mean+SD) 16.8+2.4 16.2+3.2 0.777
Side (Right/Left) 19/12 23/14 1
Gartland Type Il 11 (35.5%) 14 (37.8%) 1
Gartland Type IV 20 (64.5%) 23 (62.2%) 1
Follow-up duration (mean, months) 70.2£21.0 66.4+25.2 0.631
Surgical Time (mean, minutes) 55.5+16.0 72+20.2 <0.0001

outcomes were achieved in 96.8% of the medial group and
91.9% of the lateral group (p=0.6779), with no cases classified
as poor in either group.

In contrast, Flynn's cosmetic outcomes showed a statistically
significant difference between groups (p=0.0408). Excellent
cosmetic results were obtained in 83.9% of the medial-first

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

group versus 62.2% of the lateral-first group, while fair cos-
metic outcomes were observed only in the lateral group
(16.2%) (Fig. 4).

Regarding pin configuration, all patients in the medial-first
group received medial + lateral pinning (100%), whereas this
configuration was used in only 56.7% of the lateral-first group.
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Figure 4. Distribution of functional and cosmetic outcomes according to Flynn’s criteria in medial-first and lateral-first approaches.

Table 2.  Clinical and functional outcomes
Outcome Measure Medial-First Group Lateral-First Group p-value
(n=31) (n=37)
Flexion loss (°, mean+SD) 2.7°x16 3.0°x2.0 0.144
Extension loss (°, mean+SD) 45°+2.3 5.8°+3.1 0.216
Flynn's Functional Outcome (%) 0.6779
Excellent (0-5°) 27 (87.1%) 30 (81.1%)
Good (6-10°) 3 (9.7%) 4 (10.8%)
Fair (11-15°) 1 (3.2%) 3 (8.1%)
Poor (=16°) - -
Flynn's Cosmetic Outcome (%) 0.0408
Excellent (0-5°) 26 (83.9%) 23 (62.2%)
Good (6-10°) 5 (16.1%) 8 (21.6%)
Fair (11-15°) - 6 (16.2%)
Poor (=16°) - -
Pin Configuration
Medial+Lateral 31 (100%) 21 (56.7%) 0.0002
Two Lateral Pins 0 9 (24.3%) 0.0029
Three Lateral Pins 0 7 (18.9%) 0.0133

The remaining lateral-first group patients were treated with
either two (24.3%) or three (18.9%) lateral pins. The differ-
ences in pin configuration between groups were statistically
significant (p=0.0002 for medial + lateral vs. others, p=0.0029
for two lateral, and p=0.0133 for three lateral pin configura-
tions). Clinical and functional outcomes, including range of
motion, Flynn’s scores, and pin configuration, are summarized
in Table 2.
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Complications

A low overall rate of complications was observed, with spe-
cific adverse events distributed across both groups as fol-
lows: pin tract infections occurred in two patients in the
medial group and one in the lateral group (p=0.588). Ulnar
nerve injury was observed in two patients in the lateral-first
group, while no such cases occurred in the medial-first group
(p=0.496). In both patients who showed clinical signs of early
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Table 3. Complications

Complication Type Medial-First Group Lateral-First Group p-value
(n=31) (n=37)

Pin tract infection 2 1 0.588

Ulnar nerve injury 0 2 0.496

Loss of reduction 0 2 0.496

Heterotopic ossification 1 1 1

Nonunion 0 0 1

Additional incision 0 18 <0.0001

Revision surgery 0 2 0.496

postoperative ulnar nerve impairment, open reduction had
been performed via the lateral approach, and the medial pin
was inserted percutaneously. On the following day, in one
patient, the medial pin was removed due to signs of ulnar
nerve irritation. The other patient underwent reoperation
the following day for ulnar nerve exploration, during which
the medial pin was replaced. Similarly, loss of reduction was
reported in two patients in the lateral-first group and in
none of the medial-first group (p=0.496). The medial pin was
not used in either of these patients. However, no additional
intervention was performed for loss of reduction, and the
patients were followed throughout the remodeling process.
Heterotopic ossification occurred in one patient per group
(p=1.000), and there were no cases of nonunion.

The need for an additional incision during surgery was sig-
nificantly more common in the lateral-first group (0 vs. 18
patients, p<0.00001). Among the patients who required an
additional incision, a secondary medial incision was used to
safely place the medial pin in 7 of 18 patients, while in 11
patients, an additional medial incision was necessary because
reduction was not successful using the lateral approach alone.
One patient in the lateral group required revision surgery,
whereas no revisions were necessary in the medial group.
One patient underwent revision surgery the following day
due to postoperative ulnar nerve symptoms. No new com-
plications were observed during the long-term follow-up pe-
riod. The incidence and distribution of postoperative compli-
cations in both groups are detailed in Table 3.

DISCUSSION

The most important finding of our study is that the medial-
first approach reduces the need for dual incisions in unstable
supracondylar humerus fractures. In addition, it was observed
that more medial pins were used in patients treated with the
medial approach, as the concern for ulnar nerve injury was
eliminated. Loss of reduction was also less frequent in the
medial-first group throughout the follow-up period.

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

The treatment strategy for unstable supracondylar humerus
fractures in which proper alignment cannot be achieved with
closed reduction is controversial. Recent biomechanical stud-
ies have shown that the use of bicolumnar pins provides the
most stable fixation in unstable supracondylar humerus frac-
tures. From this perspective, the effect of medial pin use on
stability in these patients is clear. When the medial-first ap-
proach is used, there is no concern about adding lateral pins
or the number of medial pins. This allows the use of as many
pins as needed to increase stability.

On the other hand, when the lateral-first approach is used, it
is necessary either to protect the ulnar nerve with a medial
incision or to accept the risk of closed medial pin placement
in a swollen arm with poorly defined landmarks. The third
alternative is to complete the surgery with lateral pins only,
without placing a medial pin, resulting in a less stable fixation.
In our series, greater loss of reduction was observed in the
patient group in which only lateral pins were used.

Loss of carrying angle has been reported as the most com-
mon complication of the lateral open approach.’?%3 In the
systematic review by Gonzalez-Morgado et al.*® the pos-
terior and lateral approaches were associated with a higher
relative risk (RR) for unsatisfactory cosmetic Flynn's scores
compared to the medial approach. The medial and anterior
approaches showed a lower RR for unsatisfactory cosmetic
results. They reported that a possible explanation for this
finding is that these approaches provide better exposure of
the medial column and facilitate correction of internal rota-
tion of the distal fragment, which contributes to loss of the
carrying angle and varus deformity. In our study, we observed
better cosmetic scores and less loss of carrying angle in the
medial-first group.

Kizilay et al.*1 compared open approaches used when closed
reduction failed in their study. They reported that the me-
dial and lateral approaches yielded better cosmetic and func-
tional results than the posterior approach, while the medial
approach showed the best results according to the Flynn
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score after closed reduction. In our study, we also observed
that the medial approach was associated with better results
in terms of Flynn scores compared to the lateral approach.
However, the main point we want to emphasize in our study
is that when the medial approach is used, there is no need
for an additional incision, whereas when the lateral approach
is used, an additional incision is required for both medial col-
umn reduction and medial pin placement.

Another important aspect involves the differences in the tra-
becular bone structure of the distal humerus. Diederichs et
al.® found the lowest trabecular bone density in the capitel-
lum region and reported high trabecular bone density on the
medial side. Therefore, it can be predicted that medial pins
will provide greater stability than lateral pins. Consequently,
the medial approach facilitates medial pin placement, which
is a significant advantage. In our study, we observed poorer
outcomes in patients who did not receive medial pins.

Although several studies support selecting the surgical ap-
proach based on the direction of fracture displacement,
a more nuanced view suggests that the incision should be
made on the side of maximum soft-tissue injury rather than
strictly following the displacement pattern.*! In many cases,
soft-tissue trauma does not perfectly align with the direction
of the metaphyseal spike seen on radiographs. For instance,
in many fractures, the medial periosteum and soft tissues are
often disrupted, making a medial approach more logical and
potentially facilitating reduction.'2**1 Conversely, if lateral
soft-tissue injury is more severe, a lateral approach may be
preferable.’! This perspective emphasizes that surgical ac-
cess through the injured side may be more physiologic and
technically effective, as attempting reduction from the intact
side can increase the risk of further soft-tissue damage and
may complicate the procedure. However, in our study, no
statistically significant difference was observed between pos-
teromedial and posterolateral displacement patterns in terms
of the chosen surgical approach. Furthermore, there was no
apparent correlation between the direction of soft-tissue in-
jury and the type of incision performed.

Eren et al.*? reported that the medial incision was cosmeti-
cally preferred when patients were asked about their satis-
faction. They concluded that the medial approach is more
appropriate for displaced supracondylar humerus fractures
because of the lower incidence of ulnar nerve injury and less
cubitus varus deformity due to accurate evaluation of the
medial column. Our results also suggest that the medial ap-
proach provides better cosmetic outcomes as well as proper
postoperative alignment and stability.

Yavuz et al.,! in a multicenter study comparing four differ-
ent surgical approaches, reported that each approach yielded
similar results. They suggested that the choice of approach
should be based on surgical experience. However, surgical
time was not included in their analysis. In our series, the
medial-first approach was statistically significantly shorter
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in surgical time compared to the lateral-first approach. An
important reason for this was likely that no additional inci-
sion was required during surgery. In addition, percutaneous
placement of lateral pins after medial pin placement may be
relatively easier.

This study had some limitations. First, although the overall
study population was large (631 patients), we applied strict
exclusion criteria to include only unstable patients who re-
quired open reduction, resulting in a relatively small final
study group of 68 patients across both groups. Second, the
retrospective nature of the study introduces some selection
bias. The decision regarding incision type and pin configura-
tion was made by the treating surgeon, with potential vari-
ability between individual assessments. Third, the decision to
convert from closed to open reduction was also surgeon-de-
pendent, and it was not possible to determine which incision
group had more unstable fractures. In our clinic, closed reduc-
tion and percutaneous pinning are routinely preferred as the
first-line treatment for all supracondylar humerus fractures. It
is standard practice to attempt closed reduction initially and
proceed to open reduction only if the closed approach fails.
However, we acknowledge that the threshold for converting
to open reduction may vary among surgeons, and some may
opt for open reduction more readily in cases where they are
not fully satisfied with the alignment achieved through closed
techniques. This variation in clinical decision-making may
represent a limitation in the generalizability of our findings.
Finally, since no surgeon in our clinic routinely uses an ante-
rior incision in patients without vascular injury, the anterior
approach is reserved only for cases with suspected vascular
injury. In our study, patients with vascular injury who under-
went the anterior approach were excluded; therefore, it was
not possible to compare the anterior approach with other
techniques. Although our study addresses some important
questions despite these limitations, multicenter prospective
randomized controlled trials with larger cohorts comparing
different approaches are needed to validate these findings and
further investigate outcomes in this challenging fracture type.

CONCLUSION

In the surgical management of unstable supracondylar humer-
us fractures requiring open reduction, our findings suggest
that the medial-first approach offers notable clinical advan-
tages over the lateral-first approach. This technique not only
reduces the need for additional incisions but also facilitates
safe and effective medial pin placement, contributing to en-
hanced construct stability and fewer cases of reduction loss.
Moreover, better cosmetic outcomes and shorter operative
times were observed in the medial-first group. These results
support the preference for the medial approach in cases
where closed reduction is unsuccessful, given its contribution
to stable fixation, improved alignment, and patient satisfac-
tion. Nevertheless, the potential benefits of the surgeon's
experience and familiarity with a particular approach should
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not be overlooked.
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Stabil olmayan pediatrik suprakondiler humerus kiriklarinda medial-6ncelikli yaklagim:
Ek insizyon gereksiniminin azalmasi ve kozmetik sonuclardaki iyilesme ile iliskisi

AMAC: Kapal rediiksiyonun basarisiz oldugu durumlarda, instabil pediatrik suprakondiler humerus kiriklarinin tedavisinde medial-dncelikli ve late-
ral-6ncelikli acik reduiksiyon yaklasimlarinin klinik, kozmetik ve cerrahi sonuglarini karsilastirmak.

GEREC VE YONTEM: Bu retrospektif karsilastirmali calismada, agik rediiksiyon gerektiren Gartland Tip |1l ve IV suprakondiler humerus kirii tanisi
almis, 2-10 yas aralijindaki 68 pediatrik hasta degerlendirildi. Hastalar, uygulanan ilk cerrahi yaklasima gore iki gruba ayrildi: Medial-dncelikli (h=31)
ve lateral-dncelikli (n=37). Demografik 6zellikler, cerrahi siresi, pin konfigiirasyonu, eklem hareket agikligi, Flynn’in fonksiyonel ve kozmetik sonuc-
lar1 ile postoperatif komplikasyonlar gruplar arasinda karsilastirildi.

BULGULAR: Medial-6ncelikli grupta cerrahi siire anlamli diizeyde daha kisa bulundu (55.5+16.0 dakika ve 72.0+£20.2 dakika, p<0.001) ve kozmetik
sonuglar daha ustiindii (Flynn’in kozmetik skorunda mikemmel sonug orani: %83.9 ve %62.2, p = 0.0408). Ek bir insizyon ihtiyaci lateral-dncelikli
grupta belirgin sekilde daha fazlaydi (O ve 18 hasta, p<0.00001). Fonksiyonel sonuglar ve komplikasyon oranlari ise gruplar arasinda benzerdi.
SONUC: Kapali rediiksiyonun yetersiz kaldigi instabil pediatrik suprakondiler humerus kiriklarinda medial-6ncelikli yaklasim, cerrahi etkinlik ve
kozmetik sonuglar agisindan avantaj sajlamakta ve ek insizyon ihtiyacini azaltmaktadir. Bu yaklasim, stabil fiksasyon saglamak icin giivenli ve etkili bir
secenek olarak degerlendirilebilir.

Anahtar sozcukler: Acik rediiksiyon; Flynn kriterleri; kozmetik sonug; lateral yaklasim; medial yaklasim; pediatrik suprakondiler humerus kirigi.
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ORIGINAL ARTICLE

Is long arm splinting sufficient in the nonsurgical follow-
up of pediatric Type I and Type Ila supracondylar humerus
fractures?
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Nasuhi Altay,
Yavuz $ahbat

Fatih Emre Topsakal, © Mehmet Kogaslan,

Department of Orthopedics and Traumatology, Erzurum City Hospital, Erzurum-Ttirkiye

ABSTRACT

BACKGROUND: This study aims to compare the radiological and functional outcomes of long arm casting versus splinting in the
nonsurgical treatment of pediatric supracondylar humerus fractures classified as Modified Gartland type | and lla.

METHODS: Between January 2021 and January 2024, 112 pediatric type | and lla supracondylar humerus fractures (SCHFs) treated
nonoperatively with long arm splinting or casting were evaluated. Baumann angle and lateral capitellohumeral angle (LCHA) were mea-
sured pre-reduction, post-reduction, and at weeks 1 and 4. Outcomes were compared using Flynn’s criteria.

RESULTS: Of the 112 patients, 55 had type | (49%) and 57 had type lla (51%) fractures (mean age: 7.51 years; 69 males, 43 females).
Fractures were equally distributed between the right and left sides (n=56 each). Fifty-eight patients were treated with long arm splint-
ing and 54 with long arm casting. Follow-up durations were similar between groups. In the splint group, the mean Baumann angle was
72.1° pre-reduction and 73.2° at week 4; in the cast group, it was 70.7° and 73.4°, respectively. Mean LCHA increased from 43.9° to
50.8° with splinting and from 42.4° to 50.1° with casting. A statistically significant difference was not observed for loss of reduction
between the splinting and casting groups (p=0.475). No statistically significant differences were observed in LCHA (p=0.175), Baumann
angle values (p=0.485), or Flynn scores (p=0.768) pre- and post-reduction in type | and type lla SCHFs.

CONCLUSION: Splinting and casting yielded comparable clinical and radiological outcomes in nonsurgically managed Modified Gart-
land type | and lla supracondylar humerus fractures. However, splinting stands out as a strong alternative due to its ease of application
and lower complication rates.

Keywords: Supracondylar humerus; fractures; elbow; reduction; pediatric.

INTRODUCTION

Supracondylar humerus fractures (SCHFs) occur primar-
ily before 10 years of age,™ accounting for 3% to 18% of all
reported pediatric fractures.*S! The instability observed in
cases of Modified Gartland types Ilb and 1ll SCHFs generally
necessitates surgical treatment.[® While there is widespread
consensus on the most appropriate treatments for types |,
lIb, and 1ll SCHFs, treatment approaches for type lla remain

controversial.®) The American Academy of Orthopaedic Sur-
geons published updated clinical practice guidelines in 2011
for treating pediatric SCHFs.m*% Treatment of type lla SCHFs
with the application of closed reduction and percutaneous
pinning was moderately recommended. Nevertheless, many
pediatric orthopedists would still argue that the application of
closed reduction followed by immobilization is sufficient for
the treatment of pediatric patients with type lla SCHFs.[:19
In the present study, closed reduction was first applied for
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types | and lla fractures, and the patients were subsequently
followed with long arm splinting or casting.

Immobilization of stable types | and lla fractures for 4 weeks
generally yields satisfactory functional results. As soon as the
fracture has healed, movement of the limb should begin.(%!
Conservatively managed fractures may be addressed with
various immobilization strategies, including long arm casting
or splinting. With both of these strategies, the elbow is im-
mobilized in flexion at a 90° angle, with the forearm held in
supine neutral positioning.**1 The most widely utilized treat-
ment approach entails the application of a circular cast with
immobilization for 3 to 4 weeks.*#*%1 However, based on their
review of the literature, Cuomo et al. suggested that long arm
splinting may also constitute a viable treatment approach, es-
pecially for type | SCHFs.[?! No research has been reported in
the literature to date comparing the effectiveness of long arm
splinting and long arm casting for SCHFs of type I and type lla.
The present study is the first to be conducted on type | and
especially type lla fractures in this context. We aimed to evalu-
ate and compare the long-term functional and radiographic
results and complication rates of pediatric cases of types | and
lla SCHFs treated with long arm splinting or long arm casting.

MATERIALS AND METHODS

The study was approved by the Ethics Committee of Erzurum
City Hospital (Approval No: 34926-08.01.2025) and was con-
ducted in accordance with the principles of the Declaration
of Helsinki.

Ozdemir et al. Long arm splinting in pediatric supracondylar fractures

A total of 112 patients who were followed with nonsurgi-
cal long arm splinting or casting between January 2021 and
January 2024 were retrospectively examined in this study. All
patients had a minimum of 6 months of follow-up. For pa-
tients with type | fractures, reduction was achieved without
manipulation of the current positioning. For patients with
type lla fractures, closed reduction manipulations were ap-
plied before casting or splinting.

Demographic data on age, sex, and affected side were col-
lected. The evaluated radiographic parameters comprised
the Baumann angle (BA) and lateral capitellohumeral angle
(LCHA) (Figure 1).2%22 These values were measured after
the injury, immediately after reduction, and on radiographs
obtained at 1 and 4 weeks of follow-up. All of these radio-
graphic measurements were made simultaneously by two ex-
perienced pediatric orthopedic surgeons. Elbow joint ranges
of motion and carrying angles were measured, and functional
and cosmetic evaluations were performed based on Flynn’s
criteria. These functional and cosmetic evaluations, along
with measurements of elbow joint range of motion and car-
rying angle, were performed at specific follow-up intervals,
primarily at 1 week, 4 weeks, and 6 months post-treatment.
Although the minimum clinical follow-up was six months, ra-
diographic evaluations were primarily performed at the first
and fourth weeks, as subsequent imaging at six months did
not demonstrate significant differences in fracture healing
compared to earlier assessments.

Figure 1. X-ray images show the 3-year follow-up of an 8-year-old male patient with a right elbow Type | fracture.
(a) demonstrates the Baumann angle on an anteroposterior X-ray. The Baumann angle (a) is defined as the angle
between the longitudinal axis of the humeral shaft and a line tangential to the lateral condylar physis (the red line). (b)
shows the lateral elbow X-ray of the same patient. It demonstrates the Lateral Capitellum Humeral Angle (LCHA), (B)
which is defined as the angle between the anterior axis of the humeral shaft and the proximal margin of the capitellum
(the green line).
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Statistical Analysis

For all obtained data, statistical analyses were conducted
using IBM SPSS Statistics for Windows, Version 26.0 (IBM
Corp., Armonk, NY, USA). Variables were examined for com-
pliance with normal distribution using both visual (probabil-
ity graphs and histograms) and analytical (Shapiro-Wilk and
Kolmogorov-Smirnov tests) approaches. For comparisons of
qualitative variables between two independent groups, chi-
square tests or Fisher’s exact tests (in the event that val-
ues observed in cells did not satisfy chi-square test assump-
tions) were used. For comparisons between two independent
groups, the independent-samples t test was utilized for para-
metric variables, and the Mann-Whitney U test was per-
formed for nonparametric variables. The Wilcoxon test was
applied for comparisons of nonparametric variables between
two dependent groups.

Radiological measurements were repeated by two orthope-
dists at 2-day intervals, and the data obtained from these four
measurements were graded radiologically. The agreement be-
tween the radiological gradings of the four measurements was
evaluated with the kappa test, and measurements were con-
firmed to be consistent between the two observers (p<0.05).
Subsequently, the mean values of the measurements of the
two observers were calculated and used in the data analysis.

RESULTS

Sixty-nine of the analyzed patients were male and 43 were
female. The average age was 7.51 years. Splinting was applied
for 31 (63.4%) cases of type | SCHF, and casting was applied
for 24 (44.4%) cases. Splinting was applied for 27 (46.6%)
cases of type lla SCHF, and casting was applied for 30 (55.6%)

Table 1.

cases. A statistically significant difference was not observed in
the distribution of Modified Gartland fracture classifications
of patients with SCHFs treated with closed reduction and
casting or splinting (p=0.341).

No statistically significant differences were detected in LCHA
and BA values or Flynn scores calculated before and after
reduction for type | and type lla SCHFs followed with casting
or splinting (Table 1).

Since the assumptions of normality were not met by the data,
multivariate analysis of variance could not be performed. The
mean differences in vertical displacement amounts immedi-
ately after reduction and at 4 weeks were compared for both
groups using the Wilcoxon test, which is utilized for data
that do not comply with a normal distribution. A statistically
significant difference was found between LCHA values after
reduction and those obtained at 4 weeks for all patients, re-
flecting an increase over time (p=0.002). When the differenc-
es in LCHA and BA values obtained after reduction and those
obtained at 4 weeks were compared between the groups, no
statistically significant difference was found (Table 2).

Loss of reduction was observed in 6 patients followed with
splinting and 8 patients followed with casting. Eight of these
patients subsequently underwent percutaneous pinning,
while the other 6 once again underwent closed reduction
and conservative follow-up. A statistically significant differ-
ence was not observed for loss of reduction between the
splinting and casting groups (p=0.475). In one patient who
was followed with casting, edema developed due to pressure
from the cast, and in another patient, a wound developed
due to pressure from the cast. In both cases, the cast was
removed, and the patients continued follow-up with splint-

Comparison of splinting and casting follow-up in terms of radiological, functional, and cosmetic outcomes

Treatment Method

Splinting, n=58

BA before reduction (°)
BA after reduction (°)

BA, week 1 (°)

BA, week 4 (°)

LCHA before reduction (°)
LCHA after reduction (°)

72.1 (60-4.2)
73.3 (67.3-80)

73.2 (68.9-80)
43.9+11.9

LCHA, week 1 (°) 50.3 (46-55)
LCHA, week 4 (°) 50.8 (47.8-55)
Flynn elbow score - functional 4 (4-4)
Flynn elbow score - cosmetic 4 (3-4)

74.2 (68.3-80.1)

49.2 (46.8-54.7)

Casting, n=54 p
70.7 (57.3-83.2) 0.6231
75.2 (67.1-78.1) 0.8641
74 (66-78.9) 0.4491
73.4 (69-77.1) 0.8091
42.4+12.2 0.5042
48 (46.6-50.4) 0.0741
49.1 (47.6-51) 0.5221
50.1 (48-53) 0.3651
4 (4-4) 0.9551
4 (3-4) 0.7681

& Mann-Whitney U test, with data given as median (25th-75th percentile) values. 2 Independent samples t-test, with data given as mean * standard deviation

values.
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Comparison of changes in LCHA and BA values obtained after reduction and at the 4th week of follow-up

Conservative follow-up of types | and lla
SCHFs after closed reduction

Splinting, n=58
BA before reduction (°) 74.2
BA after reduction (°) 75.08
BA, week 1 (°) 74.98
BA, week 4 (°) 75.11
LCHA before reduction (°) 47.31
LCHA after reduction (°) 49.67
LCHA, week 1 (°) 50.61
LCHA, week 4 (°) 51.39
Flynn score — functional 3.93
Flynn score — cosmetic 3.85

Casting, n=54 p
68.36 0.6231
71.99 0.8641
72.49 0.4491
70.79 0.8091
39.24 0.5042
48.77 0.0741
47.75 0.5221

48.2 0.3651
3.67 0.9551
3.49 0.7681

. Mann-Whitney U test, with data given as median (25th-75th percentile) values.

Comparison of Treatment Outcomes by Fracture Type and Immobilization Method
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Figure 2. Treatment outcomes by fracture type and immobilization method (Type 1 Splinting, Type 1 Casting, Type 2a Splinting, Type 2a
Casting). Differences in Baumann angle change, complication rates, and Flynn scores are shown. Data are mean+SD. Statistical signifi-

cance indicated where applicable.

ing. Additionally, subgroup analysis dividing patients into four
groups based on fracture type and immobilization method
(Type | splinting, Type | casting, Type lla splinting, Type lla
casting) was performed. This detailed subgroup comparison
revealed significant differences in reduction loss and other
treatment outcomes, enhancing the reliability of the results
(Figure 2).
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Additionally, subgroup analysis based on the Gartland clas-
sification demonstrated significant differences between type
| and type lla fractures. The post-reduction Baumann angle
(p=0.0087), Baumann angle at the 4th week (p=0.0157), and
pre-reduction lateral capitellohumeral angle (p<0.0001) were
all significantly higher in patients with type | fractures com-
pared to those with type lla fractures (Table 3).
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Table 3. Comparison of radiological and clinical parameters between Modified

Parameter Type | Mean Type lla Mean p-value
BA before reduction (°) 74.2 68.36 0.6231
BA after reduction (°) 75.08 71.99 0.8641
BA, week 1 (°) 74.98 72.49 0.4491
BA, week 4 (°) 75.11 70.79 0.8091
LCHA before reduction (°) 47.31 39.24 0.5042
LCHA after reduction (°) 49.67 48.77 0.0741
LCHA, week 1 (°) 50.61 47.75 0.5221
LCHA, week 4 (°) 51.39 48.2 0.3651
Flynn score — functional 3.93 3.67 0.9551
Flynn score — cosmetic 3.85 3.49 0.7681

Gartland type | and lla fractures. Values are means. Mann—Whitney U test was used. BA: Bauman angle, LCHA: Lateral capitello-humeral angle. Significant
results: BA after reduction (p=0.0087), BA week 4 (p=0.0157), LCHA before reduction (p<0.0001).

DISCUSSION

While there is consensus on the application of nonsurgical
methods in treating type | fractures, the treatment of type
lla fractures is still debated.® Hadlow et al.l'? and Parikh et
al.*% both described the successful treatment of type lla frac-
tures with closed reduction and casting, with surgery being
required in 23% and 28% of cases, respectively. In the pres-
ent study, surgery was deemed necessary for 10.3% of type
lla fractures followed with splinting and 14.8% followed with
casting. For both types of immobilization, the rate of pro-
gression to surgery was lower than the rates reported in the
literature, and this rate was also lower for patients followed
with splinting compared to casting. Akglle et al.”® reported
that in operatively treated patients, casting was superior to
splinting in preventing loss of reduction. However, in our pa-
tient cohort, there were no fractures with instability severe
enough to require surgical intervention.

Children who have experienced type lla SCHFs treated with
closed reduction and long arm splinting must be monitored
carefully, both clinically and radiographically, for possible loss
of reduction or alignment. It has been recommended that the
first follow-up evaluation in these cases be performed within
7 days after reduction.”! Furthermore, it is crucial that the
parents or guardians of children with fractures fully comply
with the treatment protocol by attending all scheduled fol-
low-up appointments. Noncompliance with follow-up X-rays
can lead to malunion and possible cosmetic deformities, in
association with surgery-related expenses and potential com-
plications.®*3! In our study, patient follow-up was carried out
weekly based on radiological measurements while checking
the strength and positioning of the splints and casts.

A difference of less than 5° in BA has been observed by sev-
eral authors to predict less reduction loss and satisfactory

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

cosmetic results.?*®! In our study, it was determined that
patients with loss of reduction (14/112) had differences of
6.8° to 19.7° in BA values, with these differences being higher
compared to patients without loss of reduction. In this sense,
there is a significant relationship between reduction loss and
BA differences. However, in this study, we did not find any
significant differences between the groups for the change in
BA or Flynn’s cosmetic criterion.

A previous study stated that surgical fixation was required for
type lla fractures if the LCHA difference was 18° or more.[?%
In our study, we observed loss of reduction in two patients
with respective LCHA differences of 28.2° and 27°, for whom
closed reduction with percutaneous pinning was applied. The
treatment of the other 17 patients with differences of =18°
ended after closed reduction, regardless of the application of
splinting or casting. These findings align with the observations
of Ariyawatkul et al.,*® who reported that surgical interven-
tion may not be necessary in type lla fractures with angular
differences below 18°. We argue that surgery should not be
directly recommended to patients solely based on LCHA val-
ues and that such patients should initially be managed with
closed reduction and long arm splinting.

In this study, none of the Modified Gartland type | SCHFs
treated with long arm splinting necessitated a switch in treat-
ment to casting and/or surgical intervention. There was a loss
of reduction in only one of those cases; an increase in LCHA
and BA was observed, the patient underwent closed reduc-
tion again, and the treatment was completed with splinting.
Among the cases of type lla fractures, loss of reduction was
observed in 8 (7.14%) of the patients followed with casting,
while loss of reduction was observed in 5 (4.4%) of the pa-
tients followed with splinting. Thus, splinting had a numeri-
cally superior rate of success. These data suggest that long
arm splinting is a viable alternative to long arm casting in the
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conservative follow-up of both type | and type lla SCHFs.
There are increasing findings in the literature suggesting that
minor pediatric fractures do not require more than a splint.
27301 These studies have shown that splints offer better func-
tioning and are a preferred treatment option compared to
casting. Furthermore, splinting was reported to be cost-ef-
fective in treating minor ankle fractures and minimally angled
distal fractures of the radius.k*!

CONCLUSION

No significant difference was observed in this study between
the radiological and clinical results of splinting and casting
in the nonsurgical treatment of pediatric type | and type lla
SCHFs. However, splinting offers additional benefits, such as
increased ease of application, greater comfort, lower com-
plication rates, and improved hygiene. We advocate splinting
as an appropriate alternative in the nonsurgical treatment of
type | and type lla fractures.
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ORIJINAL CALISMA - 0z

Pediatrik Tip I ve Tip lla suprakondiler humerus kiriklarinin cerrahi disi takibinde uzun
kol atel uygulamasi yeterli midir?

AMAGC: Bu calisma, pediatrik, degistirilmis Gartland tip | ve Ila suprakondiler humerus kiriklarinin cerrahi disi tedavisinde uzun kol al¢i ve atel uygu-
lamalarinin radyolojik ve fonksiyonel sonuglarini karsilastirmay amaclamaktadir.

GEREC VE YONTEM: Ocak 2021 ile Ocak 2024 tarihleri arasinda, uzun kol algi veya atel ile cerrahi disi olarak tedavi edilen 112 pediatrik tip | ve
Ila suprakondiler humerus kirigi (SCHF) retrospektif olarak degerlendirildi. Bauman agisi ve lateral kapitellohumeral agl, rediiksiyon 6ncesi, sonrasi,
1. hafta ve 4. haftalarda 6lculdu. Klinik ve radyolojik sonuglar Flynn kriterleri kullanilarak kargilastirildi.

BULGULAR: Calismaya dahil edilen 112 hastanin 55’inde tip | (%49), 57’sinde tip lla (%51) kirik mevcuttu (ortalama yas: 7.51 yll; 69 erkek, 43 kiz).
Kiriklar sag ve sol dirseklerde esit dagilim gosterdi (n=56). Elli sekiz hasta uzun kol atel ile, 54 hasta ise uzun kol algi ile tedavi edildi. Takip streleri
her iki grupta da benzerdi. Atel grubunda ortalama Bauman agisi rediiksiyon oncesi 72.1°, 4. haftada 73.2°; al¢i grubunda ise sirasiyla 70.7° ve 73.4°
olarak olciildi. Ortalama lateral kapitellohumeral agi atel ile 43.9°’den 50.8°'ye, al¢i ile 42.4°"ten 50.1°’e yiikseldi. Atel ve al¢i uygulanan gruplar
arasinda rediksiyon kaybi agisindan istatistiksel olarak anlamli bir fark gézlenmemistir (p=0.475). Tip | ve tip lla SCHF olgularinda, rediiksiyon
oncesi ve sonrasi LCHA (p=0.175), BA degerleri (p=0.485) ile Flynn skorlari (p=0.768) arasinda istatistiksel olarak anlamli bir fark bulunmamistir.
SONUC: Cerrahi disi tedavi edilen degistirilmis Gartland tip | ve lla suprakondiler humerus kiriklarinda atel ve algi uygulamalari benzer klinik ve
radyolojik sonuglar vermektedir. Ancak atel, uygulanabilirliginin kolayligi ve daha dusiik komplikasyon orani nedeniyle giiglil bir alternatif olarak 6ne
cikmaktadir.

Anahtar sozciikler: Dirsek; kirik; pediatrik; rediiksiyon; suprakondiler humerus.
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CASE REPORT

Non-operative management algorithm in a case of grade 11
pancreatic, grade 1V splenic, and renal injury due to blunt
abdominal trauma

Onur Olgag Karagiille, ® Yavuz Selim Kémek, © irem Ozdemir, © Mert Ali Dolek, ©® Mert Mahsuni Sevinc

Department of General Surgery, Istanbul Training and Research Hospital, University of Health Sciences, Istanbul-Ttirkiye

ABSTRACT

Blunt abdominal trauma most often results from high-energy mechanisms such as motor vehicle accidents. The spleen and kidneys are
the organs most commonly injured in such cases, whereas pancreatic injuries are rare. Concomitant involvement of the pancreas along
with splenic and renal injuries is particularly uyncommon. We report the successful non-operative management (NOM) of a 24-year-old
male patient who sustained grade IV splenic and left renal injuries, a grade Il pancreatic injury, and widespread pulmonary contusions
following a motorcycle accident. During follow-up, expansion of the retroperitoneal hematoma, perisplenic fluid collection, and left-
sided pleural effusion were observed. Interventional radiology procedures, including abdominal and thoracic drainage, were performed.
The presence of high levels of amylase and lipase in the abdominal catheter output indicated the development of a pancreatic fistula,
for which conservative treatment was initiated. Following catheter repositioning and administration of a somatostatin analogue, the
fistula resolved spontaneously. Although left renal atrophy was detected on long-term follow-up, the patient remained clinically stable.
This case highlights that even in the presence of multiple high-grade solid organ injuries, favorable outcomes may be achieved without
surgical intervention through NOM. Supported by advanced imaging modalities and interventional radiology, NOM represents a safe
and effective therapeutic strategy that can minimize surgical complications in hemodynamically stable patients.

Keywords: Blunt abdominal trauma; non-operative management; splenic injury; renal injury; pancreatic fistula.

INTRODUCTION

There are many causes of blunt abdominal trauma, such as
falls from height, traffic accidents, motorcycle accidents, and
others.™ In recent years, due to high rates of surgical compli-
cations, there has been a shift toward non-operative manage-
ment (NOM) of blunt abdominal trauma in hemodynamically
stable patients.[

Blunt pancreatic trauma is a rare condition, accounting for less
than 1% of all abdominal traumas. Blunt abdominal trauma
resulting in both pancreatic and splenic injury is even rarer.
These types of cases usually lead to surgical treatment and
postoperative complications.?!

In this case study, we present the successful NOM of a patient
with blunt abdominal trauma due to a motorcycle accident,
who sustained a grade IV splenic injury, grade IV kidney injury,
and grade Il pancreatic injury, as well as widespread contusions
to the lungs. Informed consent was obtained from the patient
after the nature of the procedures had been fully explained.

CASE REPORT

The patient was a 24-year-old male who presented with
blunt abdominal trauma after crashing into a car door while
riding his motorcycle. Initial evaluation showed that he was
conscious and oriented to time and place, with a Glasgow
Coma Scale (GCS) score of 15. His pupils were isochoric and
responsive to light, all four extremities were mobile, there
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Figure 1. Serial contrast-enhanced computed tomography (CT)
images of the upper abdomen obtained weekly, demonstrating a
grade Il laceration in the pancreatic tail. The sequence shows the
lesion from the early post-trauma stage through progressive heal-
ing, with complete regression in the final image. The lower row
illustrates the calculated laceration area (cm?) at each time point.

was no spinal tenderness on palpation, and no neuromuscu-
lar deficits were detected. Bilateral lung auscultation revealed
normal breath sounds, and the abdomen was nontender, with
no rebound or guarding. Placement of a Foley catheter re-
vealed 400 ml of grossly hemorrhagic urine. Vital signs were
as follows: blood pressure (BP), 122/70 mmHg; oxygen satu-
ration (SpO,), 97%; pulse rate, 97 beats per minute (bpm).
Laboratory values were as follows: white blood cell count
(WBC), 27,000/mm3; hemoglobin, 14.5 g/dL; creatinine, 1.17
mg/dL; aspartate aminotransferase (AST), 119 U/L; alanine
aminotransferase (ALT), 87 U/L; amylase, 481 U/L; and lipase,
401 UI/L.

A contrast-enhanced computed tomography (CT) angiogram
of the abdomen and head was performed. No neurological
pathology or fractures were detected. Bilateral pulmonary
contusions were present, but no hemothorax or pneumotho-
rax was detected. A hematoma was observed in the splenic
area, and a laceration extending from the superior to the pos-
terior pole of the spleen, reaching the hilar area and resulting
in >25% devascularization. According to the American Asso-
ciation for the Surgery of Trauma (AAST) classification, this
splenic injury was classified as grade IV. A 3 cm retroperito-
neal hematoma was noted adjacent to the left adrenal gland.
The left renal parenchyma showed no contrast enhancement,
and the upper and middle branches of the left renal artery
were not visualized; only the lower branch was patent, sup-
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Figure 2. Serial contrast-enhanced computed tomography (CT)
images showing splenic and renal injuries. A laceration in the
lower medial pole of the spleen gradually decreased in size dur-
ing follow-up. Renal injury is also demonstrated, with the final im-
age revealing a cystic degenerative area. The lower row illustrates
area-based quantification of injury (cm?) at different time points.

plying approximately 10% of the renal parenchyma. This renal
injury was classified as grade 1V according to AAST criteria. In
addition, a laceration of the pancreatic tail was detected, with
preservation of the Wirsung duct and no parenchymal tissue
loss, corresponding to a grade Il pancreatic injury according
to the AAST classification (Figs. 1 and 2).

Intravenous fluid resuscitation was initiated in the emergency
department, and the patient was subsequently admitted to
the intensive care unit (ICU). Two hours after admission, his
hemoglobin level was 12.1 g/dl; BP was 180/77 mmHg; SpO,
was 97%; and he reported left flank pain radiating to the left
upper quadrant. His pulse rate ranged between 104-107 bpm.
During the three-day ICU stay, his pulse rate remained be-
tween 97-107 bpm, and he required transfusion of 5 units of
packed red blood cells (PRBC), bringing the total to 8 units
within 82 hours. During this period, the lowest recorded he-
moglobin value was 9.8 g/dl. No fresh frozen plasma was ad-
ministered during the course of treatment.

In the following days, a repeat CT scan demonstrated en-
largement of the hematoma in the left retroperitoneal space.
Minimal fluid was noted in the perihepatic region and pelvis,
and no free intraperitoneal air was detected. The patient did
not develop signs of an acute abdomen. Daily urologic ex-
aminations showed that the urine had become clear by the
28th hour after admission. His daily urine output was ap-
proximately 2000 ml, and serum creatinine was 1.44 mg/dL.
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Figure 3. Imaging findings of a pancreatic fistula-associated loculated cystic fluid collection. On fat-sup-
pressed T2-weighted magnetic resonance imaging (MRI), the collection appears hyperintense. Following
placement of a drainage catheter, contrast-enhanced fat-suppressed T1-weighted MRI demonstrates a
reduction in the size of the rim-enhancing loculated collection. Subsequent serial follow-up contrast-en-
hanced abdominal computed tomography (CT) scans (third and fourth images) show further decrease in
the size of the collection, with complete regression in the final image. The drainage catheter is visible as a
hyperdense tubular structure on CT.

BP measurements were typically within the range of 180/60-
80 mmHg. From the first day of treatment, serum amylase
and lipase levels remained between 400 and 500 U/L, WBC
count between 22,000 and 26,000 mm?, and C-reactive pro-
tein (CRP) levels between 300 and 370 mg/L. After three
days of treatment, his pulse rate was 95 bpm and BP was
160/80 mmHg. A subsequent CT scan revealed a fluid col-
lection measuring 122x121 mm between the stomach and
spleen. In addition, pleural effusion measuring 6 cm on the
left side and 1 cm on the right side was identified. The patient
was consulted by infectious disease specialists, cardiothoracic
and vascular surgeons, and pulmonologists, and low-molecu-
lar-weight heparin (LMWH) therapy was initiated. A pleural
drainage catheter was placed in the left pleural space, yielding
800 ml of clear fluid. It was removed after five days when
the effusion had completely resolved. An abdominal drainage
catheter was also inserted to evacuate the perisplenic fluid
located between the stomach and spleen.

The abdominal catheter drained 1100 ml of light brown, non-
purulent fluid during the first 24 hours. After seven days, the
daily drainage volume had decreased to approximately 200
ml, and the fluid had become completely clear. Laboratory
parameters also improved, with a WBC count of 14,000 mm?®
and a CRP level of 82 mg/L. Analysis of the catheter fluid
revealed markedly elevated amylase (42,000 U/L) and lipase
(13,000 U/L) levels, while urea and creatinine values were
within normal limits. These findings were interpreted as con-
sistent with a pancreatic fistula.

The patient was initially kept nil per os for four days, after
which he was able to tolerate a clear liquid diet, followed by
puréed foods and soups, all of which were well tolerated. Af-
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ter 10 days of ICU stay, his vital signs and ultrasound findings
were stable, and his condition had improved sufficiently to
allow transfer to the surgical ward. During the ICU stay, the
patient developed fever on only two occasions.

On the second day in the surgical ward, repeat CT imag-
ing demonstrated a significant reduction of the left adrenal/
retroperitoneal hematoma to 12 mm, non-enhancement of
approximately 90% of the left kidney, and a decrease in the
perisplenic fluid collection between the stomach and spleen.
The patient was discharged with his abdominal catheter in
place, which was draining approximately 200 ml of clear fluid
daily. Renal artery Doppler ultrasonography and renal scin-
tigraphy confirmed left kidney atrophy with only 5% residual
functional. Prior to discharge, the patient was evaluated by
the urology, cardiothoracic, and vascular surgery teams, all
of whom recommended continued outpatient observation.

During outpatient follow-up, abdominal magnetic resonance
imaging (MRI) demonstrated a minimal fluid collection at the
pancreatic tail (Fig. 3). The abdominal catheter was draining
approximately 100 ml of clear fluid daily, which was consid-
ered higher than expected. The patient was readmitted to
the surgical ward, and the catheter was repositioned to avoid
direct contact with the pancreatic tail in order to minimize
local irritation. Octreotide was initiated at a dose of 0.1 mg
three times daily, and dietary adjustments were made. Within
24 hours, the drainage decreased to 70 ml/day, and by the
third day it had further declined to 30 ml/day.

On the fourth day, no fluid was collected from the catheter,
and abdominal ultrasonography confirmed the absence of
free fluid in the peritoneal cavity. The catheter was removed.
Laboratory results at that time were as follows: WBC, 7,000/
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mm?3; AST, 42 U/L; ALT, 34 U/L; CRP, 8 mg/L; amylase, 216
U/L; and lipase, 372 U/L.

The patient was discharged the following day with instruc-
tions to return for a repeat abdominal ultrasound after three
days. Follow-up ultrasonography demonstrated no free intra-
abdominal fluid, and serum amylase and lipase levels were
within the normal range. Urologists recommended outpa-
tient follow-up. Imaging showed left renal atrophy, and serum
creatinine levels ranged between 1.2 and 1.44 mg/dL. At the
two-month follow-up, abdominal MRI revealed no pathologi-
cal findings in the pancreas or spleen (Figs. 1-3). At the eight-
month follow-up, the patient was found to have a 4 cm cystic
lesion in the pancreatic tail, consistent with post-traumatic
sequelae. Serum amylase and lipase levels ranged between
200-300 U/L during follow-up. The left kidney remained
atrophic, with only 5% residual renal function on static renal
scintigraphy, while the spleen demonstrated a homogeneous
parenchymal structure without new pathology.

DISCUSSION

Simultaneous injury to multiple organs in blunt abdominal
trauma is not uncommon; however, concomitant injuries to
the spleen, pancreas, and kidneys are relatively rare. Such in-
juries typically result from high-energy mechanisms, including
motor vehicle accidents, falls from significant heights, or se-
vere blunt force trauma. Among intra-abdominal organs, the
liver and spleen are the most frequently injured, followed by
the small intestine. Less commonly injured organs include the
kidneys, stomach, gallbladder, urinary bladder, and pancreas.F!

Precise statistics on the frequency of simultaneous injuries to
the spleen, pancreas, and kidney are lacking in the literature;
however, available studies suggest that the incidence of such
cases is low, estimated at less than 1%.[ In the management
of these trauma patients, surgical intervention is often asso-
ciated with serious morbidity and complications, prompting
the development of alternative strategies. The high rate of
surgical complications observed in hemodynamically stable
trauma patients has led to a paradigm shift from operative
management toward non-operative management.*® Over
the past two decades, numerous successful case reports have
been published, and NOM has become an accepted treat-
ment protocol for hemodynamically stable solid organ inju-
ries. Several studies have also demonstrated that the NOM
approach provides a significant reduction in hospital stay and
morbidity compared to operative treatment.!

The widespread availability of high-resolution CT imaging and
interventional radiology, together with the capacity for close
patient monitoring in specialized centers such as the ICU, has
facilitated the establishment of NOM as a widely accepted
management protocol for solid organ injuries in hemodynam-
ically stable patients with blunt abdominal trauma.[”®!

With the publication of many successful case reports over
the last 20 years, NOM has been accepted as one of the

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

standard management protocols for hemodynamically stable
solid organ injuries. In this context, Raza et al.[" reported
on 1,071 hemodynamically stable patients with blunt trauma
to the liver, spleen, kidney, and pancreas who were treated
non-operatively regardless of the severity of single or mul-
tiple blunt injuries; 89.98% of these patients were successfully
managed with NOM. Lu et al.® recently reported that in 98
patients with blunt pancreatic injury, outcomes were compa-
rable between those treated operatively and those managed
non-operatively, further supporting the safety of NOM in se-
lected patients.

In a study on blunt abdominal trauma, it was reported that
hemodynamically stable splenic injuries can be managed con-
servatively regardless of injury grade, and that NOM is suc-
cessful in more than 90% of cases of renal trauma.l'4l Simi-
larly, Raza et al. showed that radiological severity and injury
grade are not contraindications to NOM. Podda et al.t? also
demonstrated that NOM can be applied even in high-grade
(11-1V) splenic lesions. On the other hand, several researchers
have identified risk factors for NOM failure in splenic trauma,
including age >55 years, associated liver injury, arterial-phase
contrast extravasation, and the need for =4 units of erythro-
cyte suspension transfusion, 34

The findings of Vanderviles et al.l® are consistent with those
of Raza et al.,? supporting our case report by demonstrat-
ing that NOM can be successfully implemented in centers
equipped with advanced imaging methods, an ICU, and in-
terventional radiology, thereby preventing unnecessary lapa-
rotomies. Furthermore, Feng lJian et al.l'! highlighted the role
of percutaneous catheter drainage as an effective minimally
invasive strategy in the initial conservative treatment of grade
I1I-1V blunt pancreatic injuries, underscoring the importance
of interventional radiology techniques in pancreatic trauma
management. In our case, which involved grade IV splenic and
renal injuries according to AAST, a grade Il pancreatic injury,
and diffuse pulmonary contusions, management was contin-
ued using multimodal imaging and minimally invasive drainage
procedures performed by interventional radiologists. Subse-
quent follow-up of the pancreatic injury and fistula was con-
ducted with serial ultrasonography and MRI.

According to the literature, the complication rate after pan-
creatic trauma ranges from 20% to 40%, with pancreatic
fistula (10-35%), pancreatic abscess (10-25%), hemorrhage
(10%), pseudocyst formation (5%), and pancreatitis being the
most frequently reported sequelae.'**" In our case, a pan-
creatic fistula developed secondary to pancreatitis and was
successfully managed with our treatment strategy. Although
pseudocyst formation was anticipated during long-term fol-
low-up, this complication was not observed on subsequent
MRI examinations.

In the literature, external drainage methods have been em-
phasized as the standard approach for pancreatic contusions
or minor parenchymal injuries. Conversely, surgical resection
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should be considered in cases of pancreatic duct injury. In sit-
uations where the integrity of the pancreatic duct is shown to
be intact by endoscopic retrograde cholangiopancreatography
(ERCP), surgical treatment is not required.®! In our case,
MRI revealed a grade Il injury in the distal pancreas without
evidence of pancreatic duct injury. The volume of pancreatic
fluid drained through the catheter progressively decreased
and ultimately resolved after the catheter was retracted by 2
cm. We attributed this improvement to relief of local irrita-
tion caused by direct contact between the catheter tip and
pancreatic tissue. Had the fluid output not decreased with
this strategy, our next step would have been ERCP to confirm
ductal integrity and, if necessary, perform stent placement.
Surgical intervention was reserved as a last resort.

CONCLUSION

Non-operative management is a safe and effective treatment
strategy for patients with blunt abdominal trauma who are
hemodynamically stable and exhibit no signs of peritonitis.
Excluding definitive indications for laparotomy, NOM can
be applied regardless of the degree of solid organ trauma,
provided that appropriate radiological imaging and interven-
tional procedures are available and the patient remains he-
modynamically stable. This approach protects patients from
the risks associated with surgical complications. In our case,
successful recovery was achieved through NOM in a patient
who, according to AAST classification, presented with diffuse
pulmonary contusions, grade IV splenic and renal injuries, and
a grade Il pancreatic injury.
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OLGU SUNUMU - 0Z

Kint batin travmasi nedenli pankreas grade 2, dalak ve bobrek grade 4 hasarli hastada
non-operatif tedavi algoritmamiz

Kuint abdominal travma, motorlu tasit kazalari gibi yiiksek enerjili olaylardan kaynaklanabilir. Dalak ve bobrekler, kiint abdominal travmada siklikla
yaralanan organlar olmakla birlikte, pankreas yaralanmalari nadirdir, 6zellikle pankreasin dalak ve bobrek yaralanmalariyla birlikte olusmasi daha
da nadirdir. Bu olgu sunumu, bir motosiklet kazasi sonucu grade 4 dalak ve bobrek yaralanmalari, grade 2 pankreas yaralanmasi ve yaygin akciger
kontiizyonlari yasayan 24 yasindaki bir erkegin basarili nonoperatif yonetimini (NOM) sunmaktadir. Takip stirecinde, retroperitoneal hematomun
blytidigu, dalak etrafinda sivi koleksiyonu gelistigi ve sol plevral efiizyon olustugu izlenmistir. Girisimsel radyoloji tarafindan abdominal ve plevral
kateterler yerlestirilmis; plevral sivi basariyla drene edilmistir. Abdominal kateterden yiiksek amilaz ve lipaz diizeylerine sahip sivi gelmesi lzerine
pankreatik fistil gelistigi degerlendirilmis ve hastaya konservatif tedavi uygulanmistir. Kateterin pozisyonunun diizeltiimesi ve somatostatin analogu
ile tedavi sonrasi fistiil spontan olarak kapanmistir. Sol bobrekte uzun donem takiplerde atrofi saptanmis; ancak hasta stabil seyretmistir. Pankreatik
fistll ve plevral e tzyonun drenaj dahil konservatif yonetimle, hastanin tedavisi basarili olmustur. Batin ici solid organ travmasi ¢coklu olmasi ve
tomografide yiiksek derecede siniflandiriimasina rahmen hastanin yonetiminde ilk planda cerrahi yerine NOM tercih edilerek bu hastanin tedavisi
yonetilmistir. Bu vaka, NOM'un, ileri goriintiileme ve girisimsel radyolojiyle desteklendiginde, hemodinamik olarak stabil hastalarda cerrahi gereksi-
nimi 6nleyerek komplikasyonlari azaltan etkili bir strateji oldugunu vurgulamaktadir.

Anahtar sozcukler: Kiint abdominal travma; non-operatif yonetim; dalak yaralanmasi; bébrek yaralanmasi;s pankreatik fistil.
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CASE REPORT

Emergency Whipple procedure for traumatic pancreas—
duodenum separation in a patient with multiorgan injury:
a case report and review

Burak Sakar, ® Nuri Berk Konuk, © Duygu Dikici, ©® Arif Aslaner, ©® Kemal Eyvaz

Department of General Surgery, University of Health Sciences, Antalya Training and Research Hospital, Antalya- Tiirkiye

ABSTRACT

Although pancreaticoduodenal injuries are rare, they represent complex surgical conditions associated with high risks of morbidity
and mortality. This case report presents an emergency pancreaticoduodenectomy (Whipple procedure) performed on a 17-year-old
male patient who was admitted to the emergency department following a non-vehicular traffic accident. Imaging studies revealed free
intraperitoneal air and fluid, as well as multiorgan injury, including right renal perfusion loss. Emergency surgical exploration revealed a
Grade V pancreatic head avulsion, distal bile duct injury, duodenal laceration, a laceration in the proximal one-third of the transverse
colon, and right renal devascularization. Considering the patient’s intraoperative hemodynamic stability, a Whipple procedure, seg-
mental colectomy with primary anastomosis, and right nephrectomy were performed. On postoperative day 11, a leak developed at
the colocolonic anastomosis site, and the patient underwent emergency surgery involving a right hemicolectomy and end ileostomy.
During the follow-up period, no additional emergency surgical intervention was required from a general surgery perspective. This
case highlights the importance of multidisciplinary team collaboration and individualized surgical decision-making in the management
of high-risk trauma based on the patient’s clinical condition. In the presence of complex anatomical injuries, determining appropriate
surgical timing, selecting optimal techniques, and managing complications play decisive roles in treatment success. In this context, the
surgical approach and timing are discussed in light of the current literature and evaluated in comparison with similar cases.

Keywords: Duodenal injury; emergency surgery; multiorgan injury; pancreatic trauma; Whipple procedure.

INTRODUCTION

The retroperitoneal position of the pancreas provides a degree
of anatomical protection in cases of blunt abdominal trauma,
rendering isolated pancreatic injuries a rare clinical entity.l!!
Motor vehicle collisions account for nearly 80% of all blunt
pancreatic trauma cases.? Injuries to adjacent organs may also
occur in association with pancreatic trauma.! Although pan-
creatic injuries resulting from abdominal trauma are rare, they
are associated with a mortality rate ranging from 10% to 30%.
M The definitive diagnosis of pancreatic injuries is established
through computed tomography (CT) imaging or, in hemody-
namically unstable patients, during exploratory laparotomy.

51 The timely diagnosis of such injuries depends on both the
extent of pancreatic damage and the patient’s hemodynamic
stability, guiding a spectrum of therapeutic strategies from
non-operative management to urgent surgical intervention.
To standardize the assessment of clinical severity and manage-
ment strategies for pancreatic injuries, the American Associa-
tion for the Surgery of Trauma (AAST) developed a five-grade
classification system. According to the AAST pancreatic injury
scale, Grade I-Il injuries typically involve contusions or super-
ficial lacerations without disruption of the pancreatic duct,
whereas Grade Ill-V injuries represent more severe trauma,
including distal or proximal transection of the pancreatic pa-
renchyma, disruption of the pancreatic duct, or fragmentation
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of the pancreatic head (Fig. 1). This classification plays a critical ~ head avulsion accompanied by bile duct injury and multiorgan
role in guiding the decision-making process between surgical  trauma following blunt abdominal injury. Through this case,
and conservative management and constitutes a cornerstone e aim to highlight the various challenges encountered in the

ini i (6 . . o
of the clinical approach in trauma care. surgical management of complex multiorgan injuries involving
This case report presents a patient who sustained pancreatic  the pancreas.

Figure 1. AAST (American Association for the Surgery of Trauma) Pancreatic Injury Scale — visual overview. (a) Normal anatomical struc-
ture of the pancreas. (b) Grade | — Mild bruising or superficial tear without involvement of the main duct or loss of pancreatic tissue. (c)
Grade Il — Hematoma affecting more than one segment or a laceration involving less than half the circumference of the pancreatic tissue,
without ductal damage. (d) Grade Ill — Injury to the distal pancreas involving disruption of the main pancreatic duct. (e) Grade IV — Lacera-
tion or complete transection in the proximal pancreas (to the right of the superior mesenteric vein) accompanied by ductal injury. (f) Grade
V — Extensive destruction of the pancreatic head with severe structural damage.
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CASE REPORT

A 17-year-old male patient presented to the emergency
department approximately seven hours after a non-vehicu-
lar traffic accident. Upon admission, he was spontaneously
breathing but exhibited hypotension and tachycardia. Physi-
cal examination revealed an ecchymotic area in the right up-
per quadrant, along with generalized abdominal tenderness,
guarding, and rebound tenderness. Laboratory investigations
showed the following results: leukocyte count 10.8x103/uL
(reference: 4-10.5), hemoglobin 12.4 g/dL (12.5-16.1), hema-
tocrit 38.1% (36-47), platelet count 378x103/uL (150-450),
alanine aminotransferase (ALT) 226 U/L (13-45), amylase
345 UJ/L (22-80), and lipase 830 U/L (7-39).

Abdominal computed tomography revealed a Grade 3 lacera-
tion in segment 4B of the liver, loss of perfusion in the right
kidney, and a large abdominal wall defect in the right quad-
rant. Colonic and small bowel loops were observed within
the defect area, consistent with herniation of these struc-
tures. Free intraperitoneal air measuring up to 8 cm in its
deepest location was detected around the duodenum, along

Figure 2. Preoperative axial computed tomography (CT) image.
White arrow: hypoperfused right kidney; red arrow: high-grade
pancreatic injury; yellow arrow: trauma-related abdominal wall her-
niation.

Figure 3. Preoperative coronal computed tomography (CT) image.
Yellow arrow: severe pancreatic injury; white arrow: free intraperi-
toneal fluid.
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with a defect distal to the duodenal bulb and an abnormal
tract extending superiorly from the defect-findings suggestive
of duodenal perforation. Additionally, free intraperitoneal
fluid was observed in the perigastric and perihepatic regions,
measuring up to 4 cm at its deepest point (Figs. 2 and 3).

Based on the clinical findings, the patient was taken for emer-
gency surgery. During exploration, hemorrhagic fluid was
identified within the abdominal cavity. Following copious ir-
rigation with warm saline, detailed exploration revealed frac-
tured ribs in the right upper quadrant and a superficial liver
laceration approximately 5 cm in length without active bleed-
ing. Avulsion of the pancreatic head accompanied by injury to
the distal bile duct was identified, consistent with an AAST
Grade V pancreatic injury (Fig. 4). Additionally, lacerations
consistent with an AAST Grade Il injury were observed in
the duodenum and the proximal one-third of the transverse
colon. The right kidney demonstrated absence of perfusion,
consistent with devascularization. Given the patient’s he-
modynamic stability, emergency pancreaticoduodenectomy
(Whipple procedure, EPD), segmental colectomy with pri-
mary anastomosis, and right nephrectomy were performed
by the hepatobiliary surgery team at our institution. Follow-
ing the operation, the patient was transferred to the intensive
care unit (ICU) under intubation. During the 21-day ICU stay,
the patient was extubated; however, on postoperative day 11,
he required reoperation due to an anastomotic leak. Surgi-
cal exploration revealed a leak at the colonic anastomosis
site, while the other anastomoses were found to be intact.
A right hemicolectomy was performed, and an end ileosto-

AL e AT A Y
Figure 4. Intraoperative view of a Grade V pancreatic head injury.
L: liver; P: pancreas; SMV: superior mesenteric vein.
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my was created. During the ICU stay, the orthopedic team
performed multiple surgical interventions due to extremity
fractures. Following stabilization, the patient was transferred
to the orthopedic ward. After the second surgery, no addi-
tional pathology requiring urgent surgical intervention from a
general surgery perspective was observed. During postopera-
tive follow-up, the patient was discharged and scheduled for
outpatient follow-up for evaluation and planning of ileostomy
closure.

DISCUSSION

Pancreatic injuries are rare in cases of blunt abdominal trau-
ma and are frequently accompanied by injuries to adjacent
organs.B7 In the literature, only a limited number of case re-
ports address the diagnosis and management of such injuries.
B8 This case report aimed to discuss the outcomes of EPD for
pancreatic head trauma accompanied by multiorgan injury in
the context of the current literature.

Diagnosis of pancreatic injuries is particularly challenging in
the early phase. Serum amylase and lipase levels have lim-
ited diagnostic value, and computed tomography may also
be insufficient for the detection of pancreatic duct injury.
Therefore, in cases with high clinical suspicion, diagnostic lap-
arotomy may be warranted.[® Surgical intervention is often
required for high-grade pancreatic injuries. EPD may serve as
a life-saving option in hemodynamically stable patients, par-
ticularly in those with pancreatic head and duodenal injuries
accompanied by biliary tract damage.% However, this proce-
dure is associated with a high risk of morbidity and mortal-
ity. Therefore, the decision to perform surgical intervention
requires a multidisciplinary approach.'*? In cases of high-
grade pancreatic injuries accompanied by multiorgan trauma,
initial hemodynamic stabilization followed by the applica-
tion of damage control surgery principles is recommended.
131 |n hemodynamically unstable patients, the primary goal
in managing severe pancreaticoduodenal trauma is the rapid
correction of life-threatening hypovolemia, coagulopathy, aci-
dosis, and hypothermia. The damage control surgery (DCS)
approach applied for this purpose includes intra-abdominal
hemorrhage control, temporary closure of gastrointestinal
perforations, and containment of retroperitoneal contami-
nation. During the initial surgical intervention, limited pro-
cedures-such as abdominal packing, drainage, and temporary
abdominal closure-are preferred over definitive resections.
After this stage, patients are transferred to the intensive care
unit for physiological stabilization. Following this initial phase,
a second-look surgery is typically performed within 48-72
hours, during which gastrointestinal reconstruction and, if
necessary, pancreaticoduodenectomy are performed. This
two-stage approach may be lifesaving and can reduce mor-
bidity, particularly in cases involving concomitant vascular
injuries and a high risk of mortality."* In this case, consider-
ing the patient’s intraoperative hemodynamic stability, EPD
was performed by a surgical team experienced in hepatopan-

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

creatobiliary procedures. During the same session, segmental
colectomy with primary anastomosis was performed due to
the presence of colonic laceration. No complications related
to EPD occurred in the postoperative period. However, on
postoperative day 11, a leak developed at the colocolonic
anastomosis site, necessitating right hemicolectomy and end
ileostomy creation. Pancreatic injuries are frequently accom-
panied by multiorgan trauma, highlighting the importance of a
multidisciplinary approach in surgical planning for such cases.
In this context, the presence of colonic injuries may warrant
avoiding simultaneous anastomosis.**! The surgical approach
may vary depending on the patient’s clinical status, intraoper-
ative findings, degree of intra-abdominal contamination, and
the surgeon’s experience.

EPD is associated with significant risks, including coagulopa-
thy, massive hemorrhage, prolonged operative times, and
pancreatic fistula. According to the literature, patient-related
factors such as advanced age, male sex, jaundice, and malnu-
trition, along with technical factors such as a soft pancreatic
parenchyma, narrow duct diameter, and limited surgical ex-
perience, have been shown to increase the risk of postop-
erative complications.'® However, in the present case, the
decision to perform EPD was primarily guided by several fa-
vorable factors, including the patient’s young age, preserved
hemodynamic stability, absence of accompanying acidosis or
coagulopathy, and the surgical team’s expertise in hepatopan-
creatobiliary surgery.

CONCLUSION

Although rare, severe pancreaticoduodenal trauma is a com-
plex clinical condition characterized by a high risk of com-
plications and the need for advanced surgical management.
In treating such cases, the patient’s hemodynamic status,
the presence of concomitant organ injuries, and the surgical
team’s experience play a critical role in shaping the thera-
peutic strategy. EPD may be considered a viable option in
selected patients who require a multidisciplinary approach
and high-level surgical expertise. This case underscores the
importance of individualized decision-making and team-based
management in the context of complex abdominal trauma.
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OLGU SUNUMU - 0z

Coklu organ yaralanmasi olan hastada travmatik Pankreas-Duodenum ayrilmasi i¢in acil
Whipple proseduru: Bir olgu sunumu ve derleme

Pankreatikoduodenal travmalar nadir gérilmekle birlikte, yilksek morbidite ve mortalite riski tasiyan komplike cerrahi durumlar arasinda yer almak-
tadir. Bu olgu sunumunda, acil servise arag disi trafik kazasi nedeniyle getirilen ve yapilan gorintilemelerinde batin i¢inde serbest hava ve serbest sivi
ile birlikte sad bobrekte perfiizyon kaybi dahil goklu organ yaralanmasi saptanan 17 yasindaki erkek hastaya uygulanan acil pankreatikoduodenektomi
(Whipple prosedurti) sunulmaktadir. Hastaya yapilan acil cerrahi eksplorasyonda; Grade V diizeyinde pankreas basi avilsiyonu, distal safra yolu ha-
sarl, duodenal laserasyon, transvers kolonun proksimal tigte birlik kisminda laserasyon ve sag bobrek devaskiilarizasyonu tespit edilmistir. Hastanin
intraoperatif hemodinamik stabilitesi g6z 6ntinde bulundurularak Whipple prosediirii, segmenter kolon rezeksiyonu ve anastomoz ile birlikte sag
nefrektomi gerceklestirilmistir. Ameliyat sonrasi 11. giinde hastada kolokolonik anastomoz hattinda kacak gelismis olup, acil cerrahi girisimle sag
hemikolektomi ve ug ileostomi uygulanmistir. Takip siiresince hastada genel cerrahi acisindan ek bir acil cerrahi miidahale gereksinimi olmamistir. Bu
olgu, ylksek riskli travmalarda multidisipliner ekip ¢alismasi ve hastanin klinik durumuna gore bireysellestirilmis cerrahi kararlarin nemini vurgula-
maktadir. Kompleks anatomik hasarlarin varliginda, uygun cerrahi zamanlamanin belirlenmesi, dogru teknik secimi ve komplikasyonlarin yonetimi,
tedavi basarisinda belirleyici rol oynamaktadir. Bu kapsamda, cerrahi yaklasim ve zamanlama, giincel literatir esliginde tartisiimis ve benzer olgularla
karsilastirmali olarak degerlendirilmistir.

Anahtar sozcukler: Acil cerrahi; duodenum yaralanmasl; ¢coklu organ yaralanma; pankreas travmasi; Whipple prosedurt.
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CASE REPORT

Aortoesophageal fistula from an ingested large hand needle
In a nonverbal adult with autism

Jongbae Son, @ Dae Hyun Kim, ® Sang-Ho Cho

Department of Thoracic and Cardiovascular Surgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University College of
Medicine, Seoul-Republic of Korea

ABSTRACT

Aortoesophageal fistula (AEF) is a rare and life-threatening condition that can result from foreign body ingestion, particularly in vulner-
able populations with impaired communication, where diagnosis may be delayed. A 26-year-old male with severe autism and limited
expressive ability presented to the emergency department with a two-day history of fever and melena. Two hours prior to arrival,
hematemesis occurred during an attempt at oral intake. Caregivers reported behavioral changes and a deterioration in his general
condition over the preceding 10 days. Diagnostic imaging revealed a large, curved metallic foreign body that had perforated the
esophageal wall, traversed the prevertebral space, and appeared to penetrate the thoracic aorta with its tip, leading to mediastinitis
and AEF. Despite emergency surgery with cardiopulmonary bypass, the patient succumbed to sepsis and multi-organ failure within 24
hours postoperatively. This case highlights the importance of clinicians considering the possibility of an asymptomatic period following
sharp metallic foreign body ingestion, which can lead to severe complications, particularly in patients with communication impairments.
The asymptomatic interval can result in significant complications, including luminal erosion, rupture, or the development of a fistula
with adjacent structures. Emergency physicians must suspect AEF, especially in patients with a history of foreign body ingestion, when
gastrointestinal bleeding is accompanied by signs of severe infection. Timely use of computed tomography (CT) imaging is critical for
confirming the diagnosis and determining the need for emergency surgical intervention. This case underscores the necessity of thor-
ough evaluation in managing potentially life-threatening foreign body ingestion.

Keywords: Foreign body ingestion; aortoesophageal fistula; mediastinitis; autism.

INTRODUCTION

Aortoesophageal fistula (AEF) is a rare but life-threatening
condition that typically results from esophageal perforation,
often due to foreign body ingestion. Early recognition of for-
eign body ingestion is crucial to prevent progression to AEF
and severe complications such as mediastinitis, sepsis, and
multi-organ failure.*? In patients suffering from dysphagia,
chest pain, a history of problematic ingestion, and vomiting of
a small amount of blood, AEF should be considered. How-
ever, the clinical presentation of AEF can be subtle, especially
in patients with communication impairments, where diagnosis

may be delayed and the clinical course can deteriorate rapidly.
This case report describes an adult patient with severe autism
who ingested a sharp foreign body, leading to a delayed diag-
nosis of AEF and subsequent fatal sepsis despite emergency
surgical intervention.

CASE REPORT

A 26-year-old male with severe autism and limited expres-
sive capacity presented to the emergency department with
a two-day history of fever and melena. Two hours prior to
arrival, hematemesis occurred while attempting oral intake.
Given his profound communication limitations, he was un-
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Figure 1. Chest radiograph showing a large semicircular metallic foreign body projected over the mid-
thoracic region.

Figure 2. Contrast-enhanced chest computed tomography (CT) showing a large semicircular metallic foreign body perforating the esopha-
geal wall and penetrating the posterior wall of the thoracic aorta, with surrounding mediastinal fluid accumulation and gas formation con-
sistent with abscess formation.

able to clearly express pain or other symptoms in the days  blood pressure was 100/60 mmHg, and heart rate was 110
before presentation, but caregivers noted behavioral changes  beats per minute. His hemoglobin was 7.8 g/dL (previously 14
and deterioration in his general condition over the preceding  g/dL one year earlier), C-reactive protein was 22.08 mg/dL,
10 days. On presentation, his body temperature was 39.3°C, and erythrocyte sedimentation rate was 52 mm/h. The white
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Figure 3. (a) Intraoperative image showing the tip of a large semicircular hand needle penetrating through the wall of the
thoracic aorta. (b) The extracted semicircular hand needle measures approximately 5 cm in diameter.

blood cell count was 10,500/pL, with 88.4% neutrophils and
4.7% lymphocytes. A chest X-ray demonstrated a large semi-
circular metallic foreign body at the level of the carina (Fig. 1),
and an axial contrast-enhanced computed tomography (CT)
scan revealed gas collections and fluid accumulation within
the prevertebral space, consistent with mediastinal infection
or abscess formation. The inflammatory process extended
superiorly to involve the aortopulmonary window and the
region surrounding the aortic arch. The large, curved me-
tallic foreign body had perforated the esophageal wall, tra-
versed the prevertebral space, and appeared to penetrate the
thoracic aorta with its tip (Fig. 2). The patient underwent
emergency surgery under cardiopulmonary bypass and circu-
latory arrest. During surgical preparation following anesthesia
induction, massive hematemesis occurred, prompting imme-
diate establishment of cardiopulmonary bypass to maintain
circulation. However, severe hemodynamic instability prior to
resuscitation likely contributed to early multi-organ dysfunc-
tion. A large semicircular hand needle, approximately 5 cm
in diameter, was found penetrating the thoracic aorta (Fig.
3). The foreign body was removed, and both the aortic and
esophageal defects were repaired. Postoperatively, the pa-
tient remained hypotensive due to profound vasoplegia and
ultimately died on postoperative day 1 as a result of pro-
gressive sepsis. Written informed consent was obtained from
the patient’s parent, who was the legal representative of the
deceased patient.

DISCUSSION

Aortoesophageal fistula is an abnormal communication
between the esophagus and the aorta. It is a rare and life-
threatening condition, most commonly caused by thoracic
aortic aneurysm. Other etiologies include esophageal ma-
lignancy, ingestion of foreign bodies, postoperative compli-
cations, and infection. The clinical course of AEF typically
deteriorates abruptly into a life-threatening state at the on-

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

set of massive hematemesis, which is often characterized by
bright red arterial bleeding.! Foreign body ingestion is the
second most common cause of AEF Most impacted foreign
bodies are identified within 24 hours of ingestion, and with
prompt recognition, nearly all can be successfully removed
endoscopically without the need for surgical intervention.??!
However, when sharp or pointed metallic objects, fish bones,
or clips are ingested—or when diagnosis is delayed—impac-
tion or perforation can occur at sites of acute angulation or
physiologic narrowing, most commonly within the esophagus,
potentially progressing to AEF? Once the diagnosis of AEF
resulting from a foreign body is established, prompt surgi-
cal intervention is crucial to control hemorrhage and address
both the foreign body and the fistula. Aortic repair is particu-
larly challenging due to contamination of the surgical field by
fistulous contents and the extensive inflammatory response
surrounding the defect. Consequently, the mortality rate as-
sociated with the management of AEF remains significantly
high.24

Accidental ingestion of foreign bodies occurs more frequently
in vulnerable populations such as young children, the elderly
with dental issues, and individuals with intellectual disabilities
or psychiatric disorders.**% |n patients with impaired com-
munication, diagnosis may be significantly delayed (especially
when ingestion does not provoke acute discomfort) result-
ing in progression to AEF. The clinical progression of AEF is
classically described by the Chiari triad, which includes mid-
thoracic pain, a sentinel hemorrhage (a minor initial bleeding
episode), and subsequent fatal exsanguination.7 A notable
feature of the Chiari triad is the presence of an asymptomatic
interval between the initial pain or sentinel hemorrhage and
the final catastrophic bleeding event, which can range from
several hours to days or even weeks. In cases of AEF caused
by foreign body ingestion, this asymptomatic window plays
a particularly critical role in influencing clinical outcomes.!!
When accompanied by severe necrotizing mediastinitis due
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to delayed diagnosis, the clinical course becomes even more
devastating. Surgical management is often challenging due to
extensive infection and tissue destruction, and outcomes are
poor despite aggressive intervention.®

CONCLUSION

Why Should an Emergency Physician Be Aware of This?

We report an extremely rare case of AEF and mediastinitis
resulting from delayed recognition of an ingested large semi-
circular hand needle in a nonverbal adult with autism. This
case highlights the importance of clinicians recognizing the
potential for an asymptomatic period following sharp metallic
foreign body ingestion, which can lead to severe complica-
tions, including the formation of a fistula with adjacent struc-
tures, particularly in nonverbal adults with intellectual disabili-
ties or pediatric patients with communication impairments.
Although this condition is extremely rare, it may be easily
overlooked as a typical foreign body case, as a radiopaque
metallic foreign body is readily identifiable on the routine
initial chest X-ray commonly performed in the emergency
department. Moreover, in this patient, where melena was
the primary complaint upon presentation to the Emergency
Room (ER), it could have been misinterpreted as a simple
esophageal injury rather than a more serious condition such
as AEF In such situations, there is a risk of prematurely per-
forming endoscopic removal, which may not be appropriate
and could potentially induce life-threatening bleeding. The
prolonged asymptomatic interval following foreign body in-
gestion may lead to progressive complications such as luminal
erosion, rupture, or even the development of AEF Emergen-
cy physicians must maintain a high index of suspicion for AEF,
especially in patients with foreign body ingestion who present
with gastrointestinal bleeding accompanied by signs of severe
infection. Timely use of CT imaging is critical for confirm-
ing the diagnosis and determining the need for emergency
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surgical intervention. This case underscores the necessity of
thorough evaluation in managing potentially life-threatening
foreign body ingestion.
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Otizmli, konusamayan bir yetiskinde yutulan buyuk el ignesinden kaynaklanan

aortoesofageal fistul

Aortoesofageal fistil (AEF), yabanci cisim yutulmasi sonucu ortaya cikabilen, dzellikle iletisim bozuklugu olan savunmasiz popiilasyonlarda tani
gecikmesine neden olabilen, nadir gorilen ve yasami tehdit eden bir durumdur. Siddetli otizm ve sinirli ifade yetenegi olan 26 yasindaki bir erkek
hasta, iki giindir stiren ates ve melena sikayetiyle acil servise basvurdu. Hastanin acil servise gelmesinden iki saat 6nce, agizdan beslenme denemesi
sirasinda hematemezis meydana geldi. Bakicilar, son 10 giin i¢inde hastanin davranislarinda degisiklikler ve genel durumunda kétiilesme oldugunu
bildirdi. Tani amagl goriintiileme, 6zofagus duvarini delip prevertebral boslugu gecen ve ucu torasik aortu delmis gibi gériinen bilyik, kavisli me-
talik bir yabanci cisim ortaya cikardi. Bu durum mediastinit ve AEF'ye yol agti. Kardiyopulmoner baypas ile acil cerrahi midahaleye ragmen, hasta
ameliyat sonras| 24 saat iginde sepsis ve ¢oklu organ yetmezligi nedeniyle hayatini kaybetti. Bu vaka, 6zellikle iletisim bozuklugu olan hastalarda ciddi
komplikasyonlara yol acabilen keskin metalik yabanci cisim yutulmasinin ardindan asemptomatik bir dénem olasiligini klinisyenlerin dikkate almasinin
Onemini vurgulamaktadir. Asemptomatik dénem, liimen erozyonu, riptir veya komsu yapilarla fistil gelisimi gibi 6nemli komplikasyonlara yol aca-
bilir. Acil tip hekimleri, 6zellikle yabanci cisim yutma 6ykist olan hastalarda, gastrointestinal kanamaya siddetli enfeksiyon belirtileri eslik ettiginde
AEF'yi suphelenmelidir. Tan teyit etmek ve acil cerrahi mudahale ihtiyacini belirlemek igin bilgisayarll tomografi (BT) g6riintulemesinin zamaninda
kullanilmasi cok 6nemlidir. Bu vaka, potansiyel olarak yasami tehdit eden yabanci cisim yutulmasinin tedavisinde kapsamli degerlendirmenin gerek-

liligini vurgulamaktadir.

Anahtar sozclikler: Aortoesofageal fistiil; mediastinit; otizm; yabanci cisim yutulmasi.
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CASE REPORT

Cardiopulmonary resuscitation-related renal vein and
multivisceral organ injuries: a rare forensic autopsy case
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ABSTRACT

Cardiopulmonary resuscitation (CPR) is a vital life-saving intervention but may result in various traumatic injuries, particularly with vig-
orous or prolonged efforts. Although visceral injuries are uncommon, they can be fatal. In this report, we present a rare postmortem
case demonstrating multiple internal injuries-including pericardial and myocardial lacerations, liver laceration, and renal pelvis and renal
vein injury-following CPR. A 70-year-old male was found unresponsive on the roadside and transported to the emergency department,
where CPR was initiated due to cardiac arrest. Despite all medical interventions, resuscitation efforts were unsuccessful. Laboratory
tests showed elevated cardiac and liver enzymes. A forensic autopsy was performed due to the suspicious nature of the death. Exter-
nal examination revealed no signs of assault; a burn over the sternum was consistent with defibrillator pad contact. CPR-related rib
and sternal fractures were observed. A non-transmural myocardial laceration with pericardial injury was noted. Minor intraperitoneal
hemorrhage, small hepatic and renal lacerations, and a millimetric tear in the left renal vein were identified. Histopathology revealed
severe coronary atherosclerosis with ~80% luminal narrowing. Toxicology detected only therapeutic drug levels. The patient had a his-
tory of hypertension without recent cardiac follow-up. Surveillance footage showed the individual clutching his chest before collapsing.
In conclusion, this case underscores that multiple internal organ injuries, although uncommon, may arise as complications of CPR. In
elderly individuals, reduced tissue resilience may predispose to pericardial, myocardial, hepatic, and renal venous injuries, which should
be considered in both clinical management and forensic evaluations.

Keywords: Autopsy; cardiopulmonary resuscitation; resuscitation injuries; renal injury.

tions are rib and sternal fractures; however, injuries to internal
organs such as the heart, pericardium, liver, spleen, and great
vessels have also been reported.%! Although these complica-
tions are well documented, visceral organ injuries are rela-

INTRODUCTION

Ischemic heart disease is the leading cause of death world-
wide, accounting for 13% of all fatalities.! Cardiopulmonary

resuscitation (CPR) is a critical emergency intervention per-
formed to re-establish oxygen-rich blood circulation to vital
organs such as the brain and heart following cardiac arrest.l?
Despite its life-saving potential, CPR can result in a variety of
traumatic injuries, particularly in cases involving prolonged or
forceful compressions.

Sixty percent of patients sustained CPR-related injury among
all CPR cases.®! The most frequently encountered complica-

tively rare but may have fatal consequences.”! While isolated
injuries to the myocardium or liver have been sporadically
described, the simultaneous occurrence of traumatic damage
involving the pericardium, myocardium, liver, and renal vein
following CPR is extremely uncommon. 4!

Recognition of such rare presentations is critical for both
clinical assessment and forensic evaluation. In this report, we
present a rare postmortem case featuring multiple internal in-
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juries, including pericardial and myocardial injury, liver lacera-
tion, renal pelvis, and renal vein injury, following CPR.

Ethical approval for this study was obtained from the Artvin
Coruh University Scientific Research and Publication Ethics
Committee (Decision Number: E-18457941-050.99-175400,
dated 28.03.2025). The study was conducted in accordance
with the principles of the Declaration of Helsinki.

CASE REPORT

A 70-year-old male was found unresponsive in a prone po-
sition on the roadside and was immediately transported by
emergency medical services to the district state hospital
emergency department. Cardiopulmonary resuscitation was
initiated due to cardiac arrest; however, no response was ob-
tained, and the patient was declared dead. Initial biochemical
analyses revealed elevated levels of alanine aminotransferase
(ALT: 135 U/L, ref: 0-41), aspartate aminotransferase (AST:
114 U/L, ref: 0-40), creatine kinase-myocardial band (CK-MB:
60.3 U/L, ref: 0-25), and troponin | (0.015 ng/mL, ref: 0.003-
0.014). As the death was classified as sudden and suspicious,
a forensic autopsy was performed.

External examination showed no signs of external trauma or
assault. A 4x2 cm area of skin burn was observed over the
sternum, suggestive of defibrillator pad contact during CPR

(Fig. 1).

During the autopsy, bilateral pneumothorax tests were nega-
tive. Multiple rib fractures were identified: on the left side at
the parasternal line (2nd-4th ribs), and on the right side at the
midclavicular line (2nd rib) and anterior axillary line (5th and
6th ribs). These were determined to be resuscitation-related.
The sternum showed a transverse fracture at the level of
the 3rd rib and a vertically oriented fracture extending from
the same level down to the xiphoid process (Fig. 1). These

Kaya et al. CPR-related renal vein and organ injuries
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Figure 1. Skin burn and rib and sternum fractures caused by re-
suscitation. (a) Skin burn on the sternum (b)Displaced fractures of
the sternum and ribs with surrounding ecchymosis.

fractures were associated with a laceration of the anterior
pericardium.

Examination of the heart revealed a non-transmural myocar-
dial laceration (3.5x1 cm) corresponding to the area of peri-
cardial injury, which did not extend into the cardiac chambers
or major vessels (Fig. 2). Upon opening the abdominal cavity,
approximately 150-200 cc of intraperitoneal hemorrhage was
observed. A 1.5 cm laceration was detected on the anterior
surface of the liver (Fig. 3). The left kidney was surrounded
by capsular and perirenal hemorrhage, and a 1.5 cm lacera-
tion was observed on the posterior surface of the right kid-
ney. Upon further evaluation using a blunt-tipped instrument,
all renal vessels appeared macroscopically intact. However,
when fluid was injected into the lumen of the left renal vein
using a syringe, minor leakage was observed in the mid-por-
tion of the vein, indicating a millimetric injury to the vessel
wall (Fig. 4).

L. ]

Figure 2. Pericardial and myocardial injuries caused by resuscitation. (a) Pericardial laceration (b) Combined pericardial and myocardial

laceration (c) Non-transmural myocardial laceration.
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Histopathological examination of the coronary arteries re-
vealed advanced atherosclerosis, with approximately 80%
luminal narrowing due to calcified atheromatous plaques.
Toxicological analysis detected only therapeutic levels of
medications.

Review of the patient’s medical history through the national
health record system revealed a known history of hyperten-
sion and long-term antihypertensive use, but no cardiology
outpatient visits within the past decade (2015-2025).

Surveillance footage from the scene showed the individual
clutching his chest before collapsing. Based on the minimal
nature of the renal vein injury and the limited volume of intra-
abdominal hemorrhage, this finding was not considered to be
the direct cause of death. In light of the elevated cardiac en-
zymes (CK-MB, troponin 1), liver transaminases (AST, ALT),
and the presence of severe coronary artery disease on his-
tological analysis, the cause of death was determined to be
"atherosclerotic and ischemic heart disease.”

DISCUSSION

Cardiopulmonary resuscitation, while a life-saving interven-
tion in cases of sudden cardiac arrest, may lead to serious
traumatic complications, particularly when chest compres-
sions are forceful or prolonged. Although rib and sternal frac-
tures are the most frequently reported complications,**! as
demonstrated in this case, CPR can also result in injuries to
internal organs such as the heart, pericardium, liver, and kid-
neys.3%€ To the best of our knowledge, this is the first report
to document that chest compression provoked renal pelvis
and vein injury, let alone caused mortality.

Pericardial and myocardial injuries may occur due to direct
mechanical stress exerted on the heart during chest com-
pressions. In elderly individuals, decreased tissue elasticity
and the presence of pre-existing cardiovascular disease are
significant predisposing factors for such complications.”! In
our case, the presence of both transverse and vertical sternal
fractures suggests a mechanism for the pericardial laceration.

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1

Figure 3. Liver injury caused by resuscitation. (a) Liver laceration ob- Figure 4. Smearing-type hemorrhage in the left kidney and ap-
served after abdominal dissection (b) Anterior surface appearance of the pearance of the renal vein with blood clots.
liver laceration on the dissection table.

The non-transmural myocardial laceration observed is likely
attributable to repetitive, abrupt chest compressions during
CPR.

Although rare, intra-abdominal organ injuries may also occur
during CPR. Among these, hepatic and splenic lacerations,
gastric dilatation, and gastric perforation are the most com-
monly reported. Hepatic injury is the most frequently en-
countered intra-abdominal complication, with an incidence
ranging between 0.6% and 3%.578 These injuries are typically
associated with compressions applied just below the lower
sternum. Lacerations observed on the anterior surface of the
right hepatic lobe may result from compression of the liver
between the diaphragm and thoracic cage during resuscita-
tion efforts.’ Although several case reports have described
CPR-related hepatic lacerations,*"# these injuries are often
accompanied by massive internal hemorrhage. In contrast,
our case presented with limited intraperitoneal bleeding de-
spite the presence of liver trauma.

Renal and renal vascular injuries are extremely rare following
blunt trauma.* However, pressure transmitted to the poste-
rior abdominal wall adjacent to the lumbar spine may result in
damage to the perirenal tissues. In our case, although the re-
nal vein appeared macroscopically intact, a fine leak detected
via fluid injection into the left renal vein suggested a minor
laceration of the vessel wall. This finding indicates that abrupt
pressure changes within the abdominal cavity during CPR may
cause subtle vascular injuries. According to the patient's clini-
cal findings, the most probable cause of the urinary tract inju-
ry in this case was chest compression-related trauma, which
needs to be taken into consideration.

To date, only one CPR-related renal injury has been report-
ed: a 72-year-old man who sustained bilateral urinary tract
damage following CPR. Hematuria and incomplete rupture of
the renal pelvis and ureter were the findings of renal damage
in that case. He was discharged from the hospital following
treatment.['? However, in our case, a severe renal complica-
tion of CPR was noted, which included renal vein perforation
and a kidney laceration measuring 1.5 cm in length.
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On the other hand, aging is an independent factor that may
increase the risk of damage resulting from CPR.®! Given the
age of our case, it could be said that this finding aligns with
previously reported data.*d

Such multi-organ injuries are most often detected during au-
topsy and hold significant relevance in forensic investigations.
Accurate identification of internal organ injuries related to
CPR may provide insight into the appropriateness and ef-
fectiveness of resuscitative efforts. Furthermore, proper
interpretation of these findings is critical for distinguishing
CPR-related complications from trauma-induced fatalities in
forensic medicine.

Although CPR is an essential life-saving intervention, it can
occasionally result in rare but serious internal injuries, includ-
ing those involving the heart, liver, and kidneys. These com-
plications may not be immediately apparent in clinical settings
and are often detected during postmortem examinations.
Increased awareness of such injuries is crucial for physicians
and emergency healthcare providers, as it may influence the
evaluation of CPR outcomes and guide the management of
post-resuscitation care. Recognizing the potential for visceral
trauma can support more comprehensive assessments, re-
duce the risk of misinterpretation, and promote safer resus-
citation practices.

CONCLUSION

In conclusion, this case underscores that multiple internal or-
gan injuries, although uncommon, may arise as complications
of cardiopulmonary resuscitation. Pericardial, myocardial,
hepatic, and renal venous injuries-particularly in elderly indi-
viduals with decreased tissue resilience-should be taken into
account during both clinical assessments and forensic inves-
tigations. The intensity and duration of chest compressions
appear to be critical factors contributing to such injuries and
should be carefully evaluated in post-resuscitative analyses.
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OLGU SUNUMU - 0z

Kardiyopulmoner resusitasyona bagli renal ven ve ¢oklu i¢ organ yaralanmalari: Nadir bir
adli otopsi olgusu

Kardiyopulmoner restsitasyon (KPR) hayat kurtarici bir girisim olmakla birlikte, 6zellikle uzun siiren veya siddetli uygulamalarda gesitli travmatik
yaralanmalara neden olabilmektedir. Viseral organ yaralanmalari nadir gorilse de 6lumcil sonuglar dogurabilmektedir. Bu olgu sunumunda, KPR
sonrasinda gelisen perikart ve miyokart laserasyonlarinin yani sira karaciger laserasyonu ile renal pelvis ve renal ven yaralanmalarini iceren nadir ve
coklu i¢ organ yaralanmalarini igeren bir postmortem olgu sunulmaktadir. Yolda bilinci kapali halde bulunan 70 yasindaki erkek hasta, acil servise
getirilmis ve kardiyak arrest nedeniyle KPR uygulanmistir. Tim tibbi miidahalelere ragmen yasama dondurilememistir. Laboratuvar testlerinde
kardiyak ve karaciger enzimlerinde yiikselme saptanmistir. Oliimiin stipheli bulunmasi iizerine adli otopsi yapiimistir. Dis muayenede darp-cebir
izine rastlanmamis, sternum uzerindeki yanik defibrilator pedine bagl olarak degerlendirilmistir. KPR’ye bagl sternum ve cok sayida kosta kirigi,
perikardiyal yaralanma ile birlikte miyokardda transmural olmayan laserasyon, hafif intraperitoneal hemoraji, karaciger ve bobrekte laserasyonlar ile
sol renal vende milimetrik yaralanma tespit edilmistir. Histopatolojik incelemede koroner arterlerde ileri diizey ateroskleroz (yaklasik %80 limen
daralmas) izlenmistir. Toksikolojik analizde yalnizca tedavi edici diizeyde ilag saptanmistir. Hastanin hipertansiyon éykusi bulunmakta olup, yakin do-
nemde kardiyolojik takip yapiimadigi 6grenilmistir. Glivenlik kameras kayitlarinda kisinin gogstint tutarak yere yigildigi gortlmustir. Sonug olarak, bu
olgu KPR sonrasi nadir goriilen ¢oklu i¢ organ yaralanmalarina dikkat cekmektedir. Ozellikle yagli bireylerde doku dayanikliliinin azalmasi nedeniyle
perikardiyal, miyokardiyal, hepatik ve renal ven yaralanmalarin hem klinik hem de adli degerlendirmelerde g6z 6niinde bulundurulmasi énemlidir.
Anahtar sozctikler: Kardiyopulmoner resisitasyon; restisitasyon yaralanmalari; renal yaralanma; otopsi.
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